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' Chapter One

1.'0A Introduction

Golf is currently one of the fastest growing participatory sports in the U.S. With
this increase in recreational activity has come greater usage of existing golf courses
and increased demand for development of new courses. The National Golf
Foundation predicts that one new golf course must be built per day for the next 11

years to meet projected growth of the golf industry (Balogh, 1992). King County,

for example, has had a documented shortage of golf courses since the 1970's; at
~ present, there are approximately ten golf courses being proposed across King
County. Consequently, King County anticipates a continuing series of golf course
development applications and has .developed this manual to respond to the
environmental concerns commonly associated with golf course development and
‘operation. ‘

In addition to meeting one of many recreatmna.l needs of local resndents golf
courses, when managed according to the recommendations in this manual can
provide open space, néighborhood separation, visual amemty, and wildlife habitat.
- Successfully meeting these multiple objectives, however, requires an understanding
of potential impacts associated with golf courses as a result of construction
- activities, planting of vegetatxon, the use of pesticides and fertilizers, and water
_ consumption. These issues, and ‘recommendations for addressing them, are the
subject of this manual. '

1.1 Objectives, Approach & Scope of Manual

o This manual of best management practices (BMPs) has been prepared to provide
- technical information to golf course planners, engineers, developers, biologists,
- landscape architects, government administrators, county residents, and the
" numerous other consultants and scientists that are involved or interested in golf
~ course development and management. The objective of the manual is to review,
compile, select and summarize existing technical data relating to golf course
. development and management. Particular areas of concern, and the focus of the
BMPs recommended - here, include water consumption and conservation,
~ vegetation and wildlife habitat, hydrology and water quality. The manual also
attempts to place the location and permitting of golf courses within a local and
reglonal context of land use planmng and environmental review processes.

The intent is to provide an up-to-date body of knowledge of golf course
management practices that can provide guidance to those involved in golf course
planning, design, management and permitting. It is hoped that the manual will
result in greater direction and consensus on a number of management approaches
and, as a result, reduce the time and uncertainty associated with current planning
and review of individual proposals. While the recommended approaches are not
likely to solve-all environmental problems associated with golf courses, they can
help identify thresholds of concem for particular issues, provide valuable guidance
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Chapter One

on how to deal with speciﬁ_é situations, and provide direction on how to plan for
| and mitigate specific impacts. It.is also hoped that use of the manual will lead to
development of a more coordinated process for reviewing golf course proposals.

The manual contains technical information compiled from numerous sources; a
-bibliography is included for readers interested in examining the source material or
in.conducting further research. The contents do not purport to be exhaustive;
rather, they are meant to provide a reasonable and useful level of detail concerning
the major issues. New information relevant to golf courses is continuously being
generated as a result of further research and experience across the country. This
manual should be updated regularly to reflect and incorporate new information.

1.2 Content and Organization of the Manual

The manual is organized in ten sections plus appendices, with flow charts provided

at the beginning of each section. In general, the organization follows technical

| subject matters (e.g. water); cxten'sive cross references are provided to indicate

relationships between technical issues. The Introduction provides an overview of
the objectives, approach and scope of the manual. Section 2 provides an overview

of relevant King County land use plans, policies and regulations related to golf
course location and design, and includes a survey of land use adjacent to golf
courses in King County. It also discusses the relationship of golf course planning -
to environmental review pursuant to the State Environmental Policy Act (SEPA)

and King County's review of storm water management plans.: Section 3 provides

a model outline for a golf course management plan. Section 4 covers wildlife and

habitat concerns, including wildlife management, use of native vegetation, use of

buffers and special protection areas, and issues related to ongoing monitoring.

Section 5 discusses water supply issues, including design of golf course irrigation

systems and approaches to water conservation. Sections 6 and 7 address .
hydrology and control of water quantity, and geohydrology respectively. Section
8 ' contains information on turfgrass maintenance including integrated pest
management. Section 9 recommends BMPs for protecting water quality, and
addresses issues related to. use of chemicals, simulation modeling to identify
potential water quality impacts, and monitoring programs. Séction 10 provides
recommendations for future research, including development of a model for
wetland and stream recharge, and approaches for predicting stormwater quantity
and quality. Section 11 contains a comprehensive bibliography of sources for the
manual and other references identified in local libraries.

The manual has been designed in a loose-leaf workbook format to provide for easy
updating and to allow for notes and annotations in the margins. It is hoped that

continued funding will be available to keep the information on BMPs current and
to aclueve a true "state of the art" BMP manual over time.

Golf Course BMP Manual ‘ , — — 1-2
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Chapter One

1.3 Acknowledgments and Credits

The impetus for development of the BMP manual was provided by the King. |
County Environmental Division and a steering committee consisting of public and-
private sector representatives. Funding for this project was also shared by these
participants. Members of the Steering Committee are identified in Appendix A.
Initial drafts of the manual were reviewed by a Technical Advisory Committee,
identified in Appendix B, consisting of individuals knowledgeable in the technical
areas involved in golf course development and operation. The duthors wish to
thank all these individuals for their valuable input.

The research and writing for the guidebook was performed by a team of
-consultants lead by Beak Consultants Incorporated (Golf Course Management |-
Plan - Chapter 3, Water Quality - Chapter.9), and included the following firms:
Associated Earth Sciences, Inc., (Geology & Hydrogeology - Chapter 7); W. Lee
Berndt, Ph.D. (Operations and Pest Management - Chapter 8); Huckell/Weinman
Associates, Inc. (Introduction - Chapter 1, Land Use - Chapter 2, manual design
and editing); Northwest Hydraulic Consultants, Inc. (Hydrology - Chapter 6); and
Springwood Associates (Wildlife - Chapter 4). Pesticide selections cautions in
Chapter 9 were authored by Henry Shaw of the King County Environmental
Division. Cover graphics were designed by Wendy John, Technical Graphics.
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Chapter Two

2.0 Land Use Planning & Regulatory Framework
24 Land Use Planning & Regulation In King County

~ This section provides a brief overview. of major plans, policies and regulations
 affecting the location, development and operation of golf courses in King County.
The intent is to identify the plans or regulations, succinctly summarize their intent
and approach, and indicate their relevance to the concerns of this manual.
Reviewing golf course proposals is extremely complex, both for applicants and
County staff. There is uncertainty, for example, over when in the process some |
environmental data should be submitted and at what level of detail (e.g, conceptual
or detailed). This section will, it is hoped, encourage contmumg dialogue between
interested parties over how study requirements and review procedures: can be

o better coordmated

_ Overall Plan'ning Framework |

Over the past fifteen years, King County has developed a three-part planmng :
system, consisting of the County-wide Comprehensive Plan, adopted in 1985,

community plans for thirteen identified community planning areas within the
County; and functional plans for specific County services and facilities (such as
storm water management, parks and open space, roads, economic development,

etc.). The Comprehensive Plan establishes general policies on issues of regional
concern, such as the overall land use pattern and. general locatxons of areas
appropriate for urban and rural levels of development, parks and open space, and
_resource uses (such as agncultural and forestry). General policies deal with
subjects such as housing, commercial and industrial development, environmental
protection, resource lands, pubhc facxlmes and services, and transportatlon and

utilities.

Commtmity Plans' develop more detailed policies, land ‘use designations,
development standards and capital improvement programs for distinct planning
areas. When adopted by the County Council, they augment and amend the
Comprehensive Plan. Functional plans, such as the King County Open Space Plan,
. develop pohc:es and standards ‘and recommend unplementatxon programs for
' parucular services.and facilities.

"Plan policies are implemented through land use regulations, such as the Zoning
Code (particularly the Sensitive Areas Ordinance portion of that code) and through
standards for environmental protection at the project level, like the Surface Water
Design Manual. In addition, the State Environmental Policy Act (SEPA) overlays
all of these plans and regulations and requires disclosure and mitigation of
significant adverse environmental impacts.

Gelf Course BMP Manual ' - : : . 2-]
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Chapter Two -

These multiple plans, policies, regulations and standards were generally developed
| independently over the course of a number of years and may overlap, or sometimes
appear to conflict, with one another. When they converge during the review of a
| particular proposal, such as a golf course, resolution of policy and regulatory
conflicts can be time consuming, costly and stressful for both applicant and
reviewing staff. Development of a particular site for recreational use, for example,
may conflict with requirements for environmental protection. One purpose of this
manual is to prowde some tools for identifying and resolving such conflicts, for .
coordinating review of applications for golf courses, and for suggesting planning

and management approaches that can deal with potential environmental problems.

| Public _B_eneﬂt Rating System

| The Public Benefit Rating System provides an incentive available to landowners in
| King County and can be applied. to golf courses. It is designed to preserve high
quality open space meeting specified requirements. Land proposed for acceptance
into the program must meet the definition of a "priority resource" as stated in
Ordinance 10511. Active and passive recreation areas fall into this category,
- | which may be applicable to golf courses. To satisfy the definition, a facility must
.| be open to the public and charge a fee no higher than that charged by a comparable
- | public facility; or, the facility must provide recreation or other services to youth,

| senior citizens, the handicapped or similar group. Ordinance 10511 lists a golf
course open to the public, with fees not exceeding ‘public golf courses, as an
example of an eligible site. A golf course may also provide one or more of the
other priority resources listed in the ordinance, such as significant wildlife, plant or
salmonid habitat area ora surface water quality buffer area. -

A golf course that meets the deﬁmtan of a pnonty resource may apply for a tax

reduction for the qualifying portion of the property. Landowners may receive an

| additional tax reduction for providing public access (unless it would endanger the
resource). Public access is not required for most resources, however. .

It should be noted that eligibility for the program requires use restrictions beyond
those required by the Sensitive Areas Ordinance, or those in other ng County
regulatxons applxcable to land use or surface water protection.

King County Comprehensive Plan

" A number of pohcxes in King County's Comprehensive Plan (1985) recognize the
importance of open space and recreational facilities, consistent with other County
policies and plans. The plan contains an Open Space land use category, for
example, which identifies public park and recreation areas and environmentally
sensitive lands protected by regulations. The multiple functions of these lands
include providing visual buffers within and between areas of development, visual

Golf Course BMP Manual : . ' . S22
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Chapter Two

enjoyment and opportunities for outdoor recreation ,and protection of
environmentally sensitive areas (PC-113).

The goal of the Comprehensive Plan's Environment and Open Space Element is to
 balance the need to accommodate future growth while, at the same time,

preserving the region's highly prized environmental quality, recreational
opportunities, and aesthetic beauty.- The plan encourages achievement of multiple
open space benefits where possible, including recreational opportumuas scenic
vistas and wildlife habitat (E-202). -

Private open space, such as that contained within residential communities, is
- encouraged as a means to achieve the plan's open space objectives. Private open
space can protect valuable natural features, provide natural buffering, and reduce
pressure on the County to provide publicly funded recreational facilities (E-208).

_Cominunity Plans

As noted above, Community Plans contain more specific policies and land use
designations applicable to defined areas within the County. Each plan also |
develops recommendations for meeting the community’s capital facility needs, such
as for parks and roads. These plans also apply zoning classifications to all lands
within each community planning area. Community plans can have an important
- influence on the location of specific uses, such as golf courses, through application
of land use and zoning designations, through identification of environmentally
sensitive areas, or through specification of development conditions in response to
locally identified environmental problems. ’

' King County Open Space Plan

King County’s Open Space Plan (1988) is intended to achieve a dynamic and
interrelated open space system that embodies a number of attributes or values.
These iinportant attributes include wildlife habitat, shoreline access, wetlands,
regional trails, and scenic resources/community separators. Depending on specific
location and physical conditions, golf courses may embody many or all of these |
attributes. The plan itself is focused on public acquisition of elements of the
regxonal open space system, and on providing pedestrian/equestrian traxl lmkages

ng County Zonmg Code

ng Countys Zoning Code implements the policies of the Comprehensnve Plan
and determines the. permitted use of all land within unincorporated ‘areas. It i,
therefore, one important determinant of where golf courses can - -and cannot be

located.

" Golf Course BMP Manual ‘ o . 2-3
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Chapter Two |

Currently, the code permits golf courses outright in most residential zones (RS,
RD, RM) and as a conditional use in the Rural Area (AR) zone Golf courses are
prohibited in resource zones (A, F, FR) and in commercial/industrial zones (BN,
BC, CG, ML, MH, BP, QM). They are permitted as conditional uses in the
Growth Reserve (GR) zone. -

It should be noted that King County is currently considering an update of its

zoning code. In the draft code (September 23, 1992), golf courses would be . °

permitted outright in the Urban Reserve and- Urban Residential zones,
conditionally permitted in the Rural Residential zone, and prohibited in
Commercial/Industrial zones (Néighborhood, Community and Regional Business,
Office, and Industnal) and Resource zones (Agriculture, Forest, Mineral

Extraction). -
Sensitive Areas Ordinance ‘

King County's Sensitive Areas Ordinance (SAO) (1990) is intended to protect
environmentally sensitive dreas; including wetlands, streams, steep slopes and
landslide hazard areas, coal mine hazards, flood hazard areas and erosion hazard
areas. The reg'ulationsgenerally establish  setbacks, mi;igation planning, and in
"some instances may limit activities and uses occurring on a site. The SAO's
wetland regulations also establish protective buffer areas adjacent to wetlands.
Activities that can occur within the buffers are limited.

In terms of golf course planning and design, some sensitive areas -- such as
wetlands, streams and steep slopes -- may appear to be potential amenities adding
visual dxversxty and challenge to the golfer. At the same time; inappropriate .
activities in or near these sensitive areas can adversely affect the functions and -
values of the resource area. The challenge to the course designer and manager is
to recognize and plan for the needs of the environmental feature along with

recreational appeal.
ng County Surface Water Design- Manual

- ng County's Surface Water Design Manual (1990) establishes technical
guidelines, standards and specifications for stormwater management and control.
The manual describes drainage plan review procedures and application
requirements for development projects, along with technical discussions of
hydrologic analysis, hydraulic analysis and design, and erosion/sedimentation
control plan and management practices. The "core" requirements of the manual
include provisions for -discharge location; off-site analysis; runoff . control
conveyance systems; erosion/sedimentation control plans; maintenance and -
operation; and bonding/liability. A number of "special® requirements apply to
critical drainage areas, requirements for master drainage plans; compliance with
adopted basin or community plans; special water quality controls; use of oil/water

Golf Course BMP Manval ’ ' ’ 24
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Chapter Two

separators; use of lakes, wetlands or closed depreSsibns for peak rate runoff
control; 100-year floodplain delineation; flood protection facilities for Type 1 and
2 streams; and geotechnical and soils analysis reporting requirements.”

The Surface Water Design Manual serves to highlight the integral part that surface
water management plays in golf course planning and design. Golf courses will
‘Tequire drainage review and compliance with the manual's technical standards and
criteria; in some cases, preparation of a master drainage plan' (MDP) may also be
required. Review of required plans will involve a number of King County
Departments and Divisions, including Development and Environment Services and
- the Surface Water Management Division. (Note that the Surface Water De51g11
Manual is being revnsed as.of this writing; see Section 6 1).

State Environmental Pollcy Act

The State Environmental Policy Act (SEPA) provides a state-mandated framework
for evaluating and disclosing the significant environmental effécts of proposals.
The law involves use of analytic environmental documents (e.g. Environmental
Impact Statement, Mitigated Determination of Non-Significance) of varying detail, |
~and public review and' comment. An important objective is to integrate
environmental values into governmental decision making processes (and into
private planning as well). The law also provides agencies with legal authority to’
condition or deny proposals because of significant impacts that are not mitigated
- (i.e. avoided, reduced, compensated for, etc.). Exmronmental concerns raised
~ pursuant to the SEPA process pervade local decision making.

" Golf course location, development and operation can raise significant issues
regarding  water quality, wildlife habitat, environmentally sensitive areas, and
geohydrology. If commenced in the early stages of project planning, SEPA can
provide a means for identifying and resolving potential problems and conflicts
before costly commitments of resources are made. At the same time, SEPA could
provide a focus for better evaluating and coordinating the multiple standards,
reqmrements and processes applicable to golf course development.

~Conclusion .

Golf courses aré complex pro;ects requiring conslderanon of numcrous technical
- factors (i.e. planning, regulatory, scientific and engineering). The drainage review .
process depicted above underscores the need for a clear understanding of the
proposal; the timing and content of King County requirements; coordination and
reduction of redundancy between multiple agencies and permit processes
“(including SEPA); and consideration, integration and resolution of multiple issues
(e.g. land use, wetlands, drainage, etc.). While such a reconciliation is outside the
scope of this manual, it is recommended that it become the focus of a continuing
dialogue between golf course applicants and agency staff.
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| .An outline of this dialogue could include the following topics:

o the nature of the proposal (e.g: whether conceptual or constmctxon-level in its
present form, and where the proposal is in the revxew process)

o the relationship -- consxdermg timing, scope, content and objectives -- of the
proposal to SEPA review, required land use/zoning changes, master dramage
plan preparation/review, sensitive areas special studies, other County review
and approvals (e.g. c]earmg/gradmg, building permit);

o the type and extent of information required for SEPA review and its
~ relationship to data needs and submmal requirements for the range of
approvals

« whether SEPA review is being phased; aed

o the level of detail of analysns required for the proposal, considering its present
stage of development and the permits and approvals sought.

l2.2 Land Use Patterns Adjacent to Golf Courses -- Results )
- of a'Survey

‘There are currently 'approximately 25 golf courses in King County (see Figure 2-
| 1). Six of these are within the City of Seattle, with the remainder in unincorporated
King County and the suburban cities. The courses are both publicly and privately
owned; with one exception, all courses located in unincorporated King County are
private. Golfs popularity as a recreational activity is increasing pressure for
additional courses; a recent newspaper article, for example, identified ten golf
courses in various stages of planning and perrmmng (Daily Joumal of Commerce
1992)

A survey of local golf courses was conducted in September, 1992 to identify any
relationships between the location of golf courses and patterns of adjacent land
‘| uses. The eight courses examined in the survey are all located in King County, and
were selected to represent a range of locations (urban, suburban, rural), settings
(within a subdivision or planned community or free-standing), age (ranging from -
the 1920's to the 1980's), and ownership (municipal and private). A site visit was
made to each to observe land use patterns. The courses identified below - along
with their year of opening, ownership and general location -- were included in the .
survey: . o

Urban Locations — o

. Bellevue Municipal Golf Course (1968) - public (Bellevue)
o Broadmoor Golf Club (1929) - private (Seattle)

° Glendale Country Club (1956) - private (Bellevue)

Golf Cowrse BMP Manual ' o . ‘ 26
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Chapter Two

. Riverbend Golf Complex (1961/1989) - public (Kent)
Suburban Locations —~

e Aubumn Golf Course (1940/1969) - public (Auburn)
¢ Bear Creek Country Club (1981) - private (Bear Creek, within a planned

commumty)
. Sahalee Country Club (1969) - private (East Sammatmsh, within a planned
community) =~ o
| Rural Locations —-

o Mt. Si Golf Course (1927-1930'3) public (North Bend)
. Carnanon Golf Course (mid l960's) public (Camatton)

‘Although the survey was not mtended to be sctentxﬁc the courses exammed are
believed to represent the variety of golf course development in King County. The
courses examined are generally descubed below. _ ,

| | Urban AreaiCourses

Urban area courses surveyed included the: Bellevue Municipal Course, the
Riverbend Golf Complex in Kent, the Glendale Country Club in Bellevue, and the
Broadmoor Golf Club in Seattle. In general, adjacent land uses appeared to follow
an 1dent1ﬁable pattem dependmg on whether the course was pubhc or pnvate

Land uses’ surroundmg the two public courses included some hxgher~densnty (4 6
units per acre), more modest single-family units, and a large number of apartments
The single-family homes represented older development, probably built in the
1960's - early 1970's. New development pnmanly consisted of apartments, with
some commercial and office uses also located in the general vicinity. In one
instance (Kent), a motel (and the City's commercial center) are located in close
proximity to the course; other recreational facilities are also clustered near this
course. In general, public courses tended to be highly wsnble from adjacent streets '
‘due to moderate levels of screening.

The private urban courses surveyed were generally associated with lower density,

-| higher priced single-family developments. Most of the residential development
‘appeared to have been constructed shortly after the golf course was installed. - At

one course, it appeared that several large lots were being redeveloped with new,

large single-family homes on smaller lots. Some apartment housing was located in

| the vicinity of the course, along a major arterial that bordered one side of the
course. ' :
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Suburban Area Courses

Suburban courses included in the survey included the Sahalee and Bear Creek
Country Clubs, both developed in a planned manner in conjunction with
surrounding residences, and the Auburn municipal golf course. In general, land
uses surrounding suburban golf courses were predominantly single-family
residential. The major difference between public and private courses appeared to
be the size and apparent market value of adjacent residences.

The Auburn course is located in the floodplain of the Green River, at the foot of a
steep escarpment. The residential areas across the river consist primarily of
subdivided lots developed at a density of about 4 units per acre; some duplexes
are also located along the river. Older, large lot residential areas are located on the
plateau above the course. Some redevelopment appears to.be occurring as lots on
the plateau are being subdivided and new, large homes constructed. ’

Both the Bear C;‘eek and Sahalee Country Clubs are generally surrounded by
_exclusive developments of high-priced "executive" homes (3,500 square feet and
up). In some instances, older residences located on S-acre lots are still evident
adjacent to new subdivisions. These areas appear to be in transition from older,
"rural” residential types of neighborhood to suburban (one to two units per acre)

' development :

. Rural Area Courses

The Mt. Si (North Bend) and Carnation golf courses were surveyed as
representative of golf courses in rural locations. Much of the land adjacent to both
courses is farmland. At Mt. Si, a small cross-roads commercial/residential area is
located northwest of the course. Several residences are located to the north across
the river. These residences are generally located on large lots, and include mobile
homes, smaller residences, and larger, newer rustic homes. The Camation Golf
Course is adjacent to farms and wet pastures. Some new single-family residences
have been developed on the ridge west of the course.

Findings & Conclusions

" Based on observed land uses in the areas surveyed for this analysxs there does
. appear to be a relationship between golf courses and adjacent land use patterns. In
part, this relationship depends on the ownershxp of the course (public or private)
and whether it was planned and/or constructed in conjunction with other uses. ‘In
general, the areas examined were predominantly. residential in character;
commercial uses, for example, are infrequently located adjacent to golf courses.
Higher density residential and non-residential uses were observed adjacent to
Kent's municipal golf course. This pattern appears to implement a local plan to
cluster complimentary activities -- including other recreational uses — along a

" Golf Course BMP Manual 5 . 29 .
January 1993 ' . , :




- Chapter Two

major arterial. Kent's municipal course is also proximate to the Central Busmess
Dlstnct and more intensive commercial uses.

Location of a golf course seems to support estabhshment and maintenance of
residential character; most of the areas surveyed appear to be relatively stable in
terms. of land use. Based on observed development patterns adjacent to older
(particularly private) courses, the size and apparent cost of nearby housing appears
to be related to course ownership — private courses are gerierally surrounded by
expensive homes on relatively large lots. From a land use planning perspective,

location of a golf course also seems to provide an opportunity to coordinate
nearby residential development to capitalize on the amenity/recreational value of

| the course. This observation is also confirmed by the location of golf courses

within master planned communities (e.g. Harbour Pointe and Mill Creek) as an
open space and recreational element; The same land use relanonshlp may occur
with public courses, however based on observed land use patterns in the City of

Kent

Public courses tend to be located'adjacent to major arterials and to be relatively
more visible. Private courses, on the other hand, are oﬁen located away from the
street, within the interior of a community.

2.3 Land Use Considerations in Golf Course Siting and
Des1gn

General Observations

Golf courses require large amounts of land (generally 100-250 acres), and land
needs and cost are an important determinant of their location. - They are often
constructed on old farms in transitional areas (i.e. on the suburban fringe) or in
floodplains because of greater land availability and lower land cost. These sites
may contain extensive environmentally sensitive areas, such as wetlands or
unstable soils. While these features may appear as amenities or "challenges" to
course designers and golfers, they also function as development constraints in
terms of many local land use regulations.

-| For developers, a golf course can also form the focus of a residential community.
‘Many of the ten golf courses currently proposed within King County, for example,
are located within subdivisions, planned unit developments (PUDs) or master
planned communities (MPDs). While expensive to construct and maintain, golf
courses and. other recreational amenities are valuable planning and marketing
features; they can add to the value of homes, help create the opportunity for a
desired lifestyle, and provide an important marketing tool for the project. At the
same time, the cost of golf course construction is typically divided among the
residential lots in the development; this tends to make adjacent housing more

expensive. -
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For the host community or neighborhood, a golf course provides a significant
amount of open space, a visual amenity, and a means to define and separate
neighborhoods or developed areas. Depending on location (and on applicable
plans), golf courses can function as a valuable link in planned local and regional
* open space systems. They can also meet a portion of recreational demand and help
relieve local government of the cost of providing recreational facilities. In general,
. then, the challenge and opportunity presented by golf course proposals is to locate
and design them to meet multiple objectives - open space, environmental
protection, wildlife habitat, and recreation.

' Land Use Issues

The initial consideration is finding adequate land. Large land requirements (100-
250 acres) tend to push courses to the suburban fringe or to rural areas, where
large amounts of land are available at reasonable cost. While locating parks and
‘open space as close as possible to urban populations may be desirable from a
planning pex"spective (i.e. to create self-contained communities and to reduce auto
travel), it is not feasible to locate a golf course in a developed urban nexghborhood
or in suburban areas with checkerboard land use patterns.

At the same time, lOCation decisions should be compatible with local land use
patterns. As indicated in the survey, golf courses can be an important element of |-
local land use character and can be planned to establish and reinforce particular
patterns. Compatibility with adjacent activities and community character, and
relationships to planned land use patterns, should be important threshold
considerations in golf course siting, particularly in suburban and rural settings.

In the minds of some residents, golf courses represent a potential for risk of injury
or property damage (i.e. from miss-hit golf balls), trespass and loss of privacy.
Physical risks can be addressed in golf course design and building
placement/orientation, particularly for new courses within subdivisions and planned
communities. Screening and buffering with vegetation or fences, or changes in
elevation, can also help to maintain individual privacy and reduce opportunities for
trespass. - : :

Golf courses also use significant amounts of water for irrigation (see Chapter 5);'
Course developers should consult with local water purveyors to ensure sufficient
water supply is available for expected demand.

-Probably the major land use consideration encountered by golf course proponents -
relevant to both course siting and design — is compliance with regulations for
wetlands, streams, floodplains, unstable or erosion-prone lands, and other
environmentally sensitive areas. Proposals to alter or disturb these areas, or to
integrate them into course design, may result in tension between the applicant's
desire to design a course that is challenging, varied and aesthetically pleasing to the
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golfer (and/or integrated into a planned community), and the agency's mandate of
protecting the functions and values of natural resources. This situation also can
provide an opportunity for medxatmg conflicts and attemptmg to accommodate
multiple objectives. A :

.| Finally, despite. the potential ‘benefits identified -above, golf course proponents
should note that some neighborhoods may view the location and construction of a
golf course negatively. The recommendations in this manual can help to identify
and mitigate potential adverse effects on land use and the environment.

’
-
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‘Section 3.0  Golf Course Best Management
Practices and Planning

3.4 Golf Course Management Plan

This section contains a recommended outline for a Golf Course Management Plan
(GCMP). The plan should serve as an overall guide for proper construction,
' maintenance and management of golf courses. Elements of the plan include:
integrated wildlife/botanical management planning, construction phase issues,
irrigation water use, course management and maintenance operations, integrated
chemical management, water quality provisions, and monitoring. An Integrated
'Pest Management (IPM) is a particularly important component of the management
plan. The IPM should incorporate the Best Management Practices identified in
Chapter 8 of this manua.l

The GCMP should be prepared in four phases; these are defined to coordinate the
detail of information developed during the planning of golf course proposals with
the requnrements of King County's review of permit applications. The numbers
used in the table below correspond to the phase of planning (1-4); the key
indicates the general timing of preparation and submittal of information. Phase 1
-would be completed in the context of the SEPA review process and, if applicable,
in preparing a Master Drainage Plan (MDP) according to King County criteria.
Phase 2 would be incorporated into the grading/construction plans for the
proposed golf course. Phase 3 would be provided: in ‘conjunction with a
commercial building permit. Phase 4 would entail completion of a general
management manual for the course, with direct input from the golf course
superintendent (who is typically not identified until this point in the process).

Key:
‘Provided in the SEPA checklist, EIS and or MDP document
- Provided at time of grading permit application
Provided with commercial building permit application
Provided prior to final operational permit issuance

2w -

WildlifeI'BotanvicaI'Man_;agement Planning Integration.

1 2 Course layout and design on the sxte :
1 2 3 4 Maintenance staff responsibilities to w:ldhfe management/
maintenance
2 3 Public/player education
1 2 Buffer width, buffer value to wildlife/water quahty
1 2 Specific areas of buffer thinning or wetland overstory thinning
| (if any) |
2 Aesthetic plantings/species composition:
Golf Course BMP .Manual ' ' ' 3-2
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-

Construction Phase Cohcems.

1
1

Clearing, grading and site stabilization summary (refer to TESCP)
Fill dirt/spoils dirt sources & contaminant screening

Optimum seeding date

Turf seeding mix

NN PN

|mgation Water Use

Sources and supply

* Initial planting consumptnon/proof of short-term renewable supply
Seasonal consumption/proof of long-term renewable supply-
Water minimization features (irrigation system, arid turf, native
species, water reuse, gray water use, seasonal plantmg to maxxmnze
natural rainfall)
Irrigation system(s)
Type of irrigation system and efficiency

. Method/scale of determining irrigation requnrements on course
Surface reservoirs (if any)

1

NN CESHC

[ LS I S I S )

| Course Management Provision's

1 2 Key staff position qualifications/experience
1 2 . Education and training of key maintenance positions

Course Maintenance Operations

" Location/size of turf/greens growth areas
Location/size of operations yard
Fueling and fuel storage provisions
Maintenance building drainage
Fueling and equipment wash-down catchment isolation and dxsposal
Traffic and maintenance roadways; drainage stream crossings
4 Maintenance staff responsibilities for oil/water separators, other
~ water quality features within maintenance yard or course
. 4 Artificial lakes management plans/categorization of lakes
1 2 4 Turf maintenance - mowing and thatch/disposal practices

WWWWWwWw

— et et e

[ (8]

Integrated Chemical Management Plan(Pes”ticides and Fertilizers)

2 4 Cultural pracuces to minimize use of pesttctdes/fertlhzers
2 4 Identification of turf tolerance levels for pests
2 4 Pest identification and test kit measurement techniques for pest

' levels
2 4 Use of pest prediction mod'e!s

Golf Course BMP Manual _ o 3.2
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4 Identification of likely target pest_s & prioritized methods of

treatment
4 Maintenance chemical identification; apphcanon amounts;
application targets; application provisions; application prohibitions -
4 Identification of chemical toxicity, transport and degradatnon '
potential
Identification of chemical application methods
Identification of potential chemical hazard to staff and public
4 Chemical storage and transfer provisions:
- Tracking and disposal provisions
- Storage facility/pesticide mixing area/separation of chemical
classes/sump drainage
- Emergency spill provisions
- Provisions for loading and clean-out of application equipment
- Temperature, humidity control/other special requirements
- Provisions for access limitation to storage/handling areas

LN

Water Quality Provisions

I 2

4 Impact estimation analysis -- chemicals/toxicity/seasonality/
application/mitigation transport potential (soxls/groundwater/
interflow)/resource proximity

2 Special protection areas, if any (determmed by chemical transport
potential, handling, proximity, sensitivity); criteria for desngnatxon
1 2 Protection facilities description (e.g., liners, catchment -
sequestering, sumps, GAC filters) - :
- Design criteria
- Maintenance provisions (including disposal if applxcab]e)
- Performance testing (see also monitoring)
Monitoring
2 Tie-in to monitoring programs required under the SEPA and MDP
- process for water quality, quantity, fisheries -
: and/or wetlands, if any, for associated development (if any)
2 Manual for integrated monitoring of water quality, quantity, fisheries
- and/or wetlands as warranted; criteria, timing, performance guarantee
2 Inclusion of specific monitoring plans for artificial lakes, if any, w:th
potential for drainage or irrigation use to site
2 Inclusion of specific monitoring plans for pesticide-and fertilizer
transport from course
2 Identification of specific monitoring provisions for special protection
areas, if any
2 Demonstranon of feas:blhty to respond to monitoring findings if
necessary
Golf Course BMP Manual _ - 33
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Chapter Four

Wildlife Habitat

Summary of Best Management Practices

Determine if the proposal can be accommodated by avondmg or minimizing impacts
to environmentally sensitive areas, such as wetlands, riparian corridors and other

* habitat areas.

Where mmganon is not practical or feasible, avoid sites with substantial
environmental constraints.
Locate high use areas away from sensitive habitats to reduce impacts of noise and

other disturbances. .
Course layout should include upland buﬁ'ers to serve as transition zones between

active use areas and wildlife habitat. . |
Maintain sources of food, water and shelter for local wildlife populations.

Design roughs and naturally vegetated stnps to provide linkages between habitat
areas.

- Maintain access for migratory specnes to habitual routes, food sources and breeding

grounds. -
Preserve and maintain natxve vegetation.
Avoid use of exotic vegetation that is poorly adapted to local condmons and requires

intensive maintenance.

- Retain mature significant trees, preferably in groups, ‘where possible.

Retain dead trees and snags, downed logs and brush piles within roughs.

Identify wetlands and evaluate their functions and va]ues accordmg to adopted King
County procedures. )
Avoid application of chemicals (pesticides, msectxcldes feruhzers etc.) within
wetlands and their buffers.

Treat all surface water runoff (including sedlmentatxon control) pnor to dxscharge to
wetlands or buffers. ‘

Avoid altering ground water flow patterns and other charactensucs

Retain stream channels in a natural, unaltered state (consistent with King County -
requirements).

Limit in-stream structures (such as bridges, piers, boat ramps or culverts) that
impede wildlife movement.

Implement an integrated pest management ([PM) program to minimize impacts of
pesticides and chexmcals

Golf Course BMP Manual
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4.0 Wildlife Habitat

Potential sites for golf courses often lie in transitional areas between suburban-
rural zones. In King County, the landscape in this zone frequently consists of
residential use, some commercial development, agricultural lands, and large tracts
of open space dominated by second growth forest. Maple Valley, Black Diamond,
and the East Sammamish Plateau are examples of these types of areas within ng
County where golf course development has been proposed.

Growth in the reglon has resulted in the ﬁ'agmentatlon of wildlife habitats such as
wetlands and riparian corridors. Golf courses can contribute to this fragmentation.
If unplemented diligently, however, wildlife best management practices can help
minimize these impacts by integrating wildlife-concerns with golf course planmng
Potential results of this approach can include creating valuable open space, linking |
green belts, and buffering wildlife habitat areas. If planned carefully, golf course’
development can capture opportunities for enhancement and protection of wildlife
habitat and aquatic resources. The goal of habitat resource planning is to protect,
preserve, restore, or enhance the structural, functional, and visual characteristics of
natural systems. Feasibility for natural resource enhancement will be based on a
site's potential to buffer remaining habitat, provide corridor linkages to facilitate
the movement of wildlife, increase the diversity of available food and water
sources, and increase the structural diversity of vegetation communities.

This chapter focuses on planning strategies and management practices that can

minimize the unpacts of golf course development on wildlife habitat. It also

~ provides an overview of federal, state and local regulatxons and guidelines
desngned to protect valuable habitat. - :

4.4  Planning ~fo_r Wildlife Habltat ‘in  Golf Course
‘Development -

Golf course planning consists of ﬁve phases site sélectlon, design, construction, |
course establishment, and on-going maintenance. It is critical to thoughtfully plan

for habitat protection during initial site selection and throughout course. design to | |

mitigate impacts during construction and operation. Comprehensive planning |
begins by identifying the habitat resources and their appropriate buffer
requirements on and off the site proposed for development. Information should be
obtained from King County and the Washington State Departments of Wildlife and
Fisheries about priority habitats that may exist on the proposed site prior to final
site selection.,

- Typical habitat resources encountered include wetlands, riparian corridors, lakes
and ponds, pastures and mature second-growth forest. These ecosystems provide
a rich varety of habitats for insects, amphibians, fish, birds, and mammals.
Identifying these habitats is the first step. Sources of information regarding the

Golf Course BMP Manual < - 1
January 1993 . . :




Chépter Four

location and types of wildlife habitat include data bases maintained by the
Washington Department of Wildlife (WDW), which includes the Priority Habitats
and Species (PHS), the Heritage Data Base, Washington Rivers Information
System, and the Lakes of Washington Fish Data Base. Additional mapping of

* " | habitat areas is available from the National Wetland Inventory Maps, the King

County Sensitive Areas Folio (1990), and the King County Wetlands Inventory
(1983). Site-specific studies and habitat mappmg, conducted accordmg to King .
County guidelines, may also be necessary.

One goal of layout design is to avoid or minimize impacts to natural resources on a

| site-specific basis. Once habitat areas are identified, the golf course planner should

test the feasibility of alternative course layouts Planning throughout the
construction, course estabhshment, and on-going maintenance phases should first
avoid impacts, then- minimize and compensate or otherwise mitigate for. unpacts
that cannot be avoided.

General Planning Strategies

Environmental concerns are a primary issue in the golf course site selection and
permitting process. . Sensitive planning can help protect and enhance wildlife
habitat. Wildlife-related strategies that should be incorporated into golf course
., planmng include the following:

| o - Sites with substantial environmental constraints -- where mitigation is not

feasxble or practical - should be avoided.

« Determine if the course program can be accommodated by avoiding or
minimizing site-specific impacts to ecologically sensitive areas such as

. wetlands, riparian corridors, and other sensitive wildlife habitats. Identify
“ opportunities to enhance wetland functions and values. - -

o Course layout should account for upland buffers to function as transitional
zones between areas left as wxldhfe habitat and areas programmed for more
active use.’ ,

. 'Avmd disturbance to local wﬂdhfe populations by mamtammg sources for
food, water and shelter. Enhancement opportunities to mcrease access to
food, water and shelter should be explored

1o ’When possible, desxgn roughs and naturally vegetated strips . to provxde
linkages between areas retained as habitat.

| « Maintain migratory species access to habitual routes, food sources and
breeding grounds. : ' . '
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o Implement an integrated pest management (IPM) program to minimize the |
‘impacts of pesticide and chemical use. .

o Avoid posing threats to wildlife directly or indirectly tllrohgh increased air or
water pollution. ‘

o Locate high level use areas away from sensmve habitat to reduce the impacts
of noise and human activities.

_» Preserve and maintain native vegetation in its natural condition.

"o Avoid the use of invasiye or exotic vegetation which is poorly adapted to local
conditions and requires intensive maintenance. _

These strategies should be considered when selecting a site and implemented when |
-planning and designing the course.. Specxﬁc strategies are discussed in greater :
 detail in this section. .

Wetland Resources

Intmductlon

Large vacant sites suitable for golf course development are likely to be constramed
to some degree by wetlands. Wetlands are generally defined as: "Those areas that
are inundated or saturated by surface or ground water at a frequency and duration
sufficient to support, and under normal circumstances do support, a prevalence of
-vegetation typically adapted for life in saturated soil condmons Wetlands
generally include swamps, marshes, bogs, and similar areas." This definition is
derived from the Clean Water Act, the Federal Manual for Identifying and
Delineating Jurisdictional Wetlands, the Growth Management Act, and the King |
County Sensitive Areas Ordinance.

- . Over the past decade, recognition of the important functions and values wetlands
provide has resulted in increased federal, state, and local policy and regulation
directed at wetlands protection. - These: functions and values, and existing
regulatory programs, are briefly described below .

Wetland Functlons and Values

The fiinctions and valuesean mdmdual wetland provides are determined by the
vegetation character of the wetland and the surrounding upland, the position of the
wetland in its drainage basin, the size of the wetland, and the degree of
disturbance. In general, wetland functions and values include storm water
detention and flood attenuation, water quality enhancement, ground water
- recharge and discharge, shoreline stabilization, wildlife and fish habitat, open space
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and recreational values, and educational opportunities. These functions and values
can be diminished when wetlands become isolated by golf course features or

dxsturbed by human activity. |
Storm Water Detention and Flood Attenuation

| Wetlands often occur in topogfaphic'depressions which detain water better than

channelized water courses. Referred to as flood storage capacity, wetlands can .-

lower peak runoff flows during a rainfall event. Well developed wetland soils
often have a high organic matter content and, therefore, a high water retention
capability. Such wetlands along rivers and stream courses act as large sponges,
temporanly storing large volumes of storm water and gradually releasing it into
receiving waters. This helps reduce local and downstream flooding by lowering
peak flows and slowing the velocity of water. Wetlands provide a natural means
of controlling the dynamic energy of flood waters which can cause downstream
| damage. By temporarily storing water at shallow depths within the soil and slowly
releasing the stored water, wetlands help maintain stream flows during dry periods.

Water Quality

Wetlands provide xmportant water quality benefits because of their self cleansmgv
| ability to trap sediments and filter pollutants. Surface water runoff from the

surrounding landscape carries sediments which are trapped by the. stems and roots
of wetland végetation. These sediments often carry excess pollutants and nutrients
| which can either be stored in wetlands and released over time, or are absorbed by

wetland ‘vegetation. This filtering activity helps punfy water and can make a -
sxgmﬂcant difference in downstream water quality.

Ground Water Recharge/Discharge

In some areas, ground water is an important (sometimes the primary) source of
water for domestic consumption (see Chapter 5). Aquifer recharge is the
movement of surface water down through the soil to the underlying ground water -
.system. Wetlands that are connected to-ground water are important because they
allow water to infiltrate and replenish or "recharge” underground aquifers. This is
especially important in areas where aquifers are threatened by decreased recharge
.and overuse or where aquifer depletion has the potential to cause saltwater
intrusion; ~ Saltwater intrusion is not presently a significant problem in King
County. When the water table is high, wetlands can also act as ground water
discharge areas.

Shorel:re Stab:llzat/on

Wetla.nds help stabilize stream banks and shorelines by providing a buﬁ’er to the
forces of wind and wave action. The wetland vegetation acts to dissipate the.
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~ erosive energy of waves and currents and the roots provide additional stability by
binding the soils and allowing a degraded shoreline to recover.

Wldllfe and FISh Habitat

Wetlands ‘are complex ecosystems with distinct communities of plant and ammal'
life. As a transitional environment between aquatic and terrestrial ecosystems,
wetlands oﬁen have high structural diversity and can support an abundance of
wildlife. Many species of birds, fish, mammals, reptiles, amphibians, and insects
use wetlands for breeding, rearing, food and shelter. Waterfowl and wading birds
use wetlands in the Northwest as feeding grounds, over wintering areas, and
’brwdmg grounds while migrating. Wetlands provide year-round habitat for many

species of birds and meet seasonal, life ‘cycle needs for fish, insects, and
amphibians. Mammals that use wetlands for food, water, and cover include otter,
muskrat, beaver, deer, bear and bobcat. Wetlands provide a type of habitat that is
extremely important to the habitat mosaic of the overall landscape; golf course '
development can fragment this habltat into isolated and less valuable components.

Open Space and Recreational Va/ues

Wetlands havc traditionally prowded excellent opportunmcs ‘for bird watchmg and
photography due to the high diversity of plants ‘and animals. Other active
recreational uses wetlands provide include hiking, non-motorized boanng, and
* fishing. Wetlands also afford relaxing opportunities for spending time in nature in
a peaceful semng and, in rapidly urbanizing areas provide important open space '
values.

Education

Wetlands are an educational resource rich in the possibilities for understanding and
appreciating the natural world we live in. Students of all ages can benefit from
studying wetlands. As diverse ecosystems, wetlands provide excellent |
opportumnes to understand basic ecology, learmn about the food chain, hydrology,
soil science, botany, and much more. Wetland science has recently been recognized
as a distinct area of study, with its own publications and professional groups.

 Wetland Regulations

The National Golf Foundation has identified wetlands as the primary concern
related to obtaining permits at local, state and federal levels of government across
the U.S. Related environmental concerns include wildlife habitat, nitrates and
-chemical contamination, ground water protection, and pesticide usage. A summary
of the complex federal ,state, and local laws protecting wetlands is presented
below. It should be noted that for any project, federal, state and local wetland
regulations may apply simultaneously. ,
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Federal Programs

Wetlands are protected and regulated at the federal level as "waters of the Umted
States” under Section 401 and 404 of the Clean Water Act (1972, 1975, 1987).
Section 404 is jointly enforced by the U.S. Corps of Engineers (COE) and the U.S.
Environmental Protection Agency (EPA). Under Section 404, the COE is
authorized to issue permits for the discharge of dredged or fill materials into
waters of the United States. Technical consultation and review of 404 permits are
provided by EPA, the U.S. Fish & Wildlife Service (USFWS), and the U.S.
National Marine Fisheries Service. The Washington State Department of Ecology
| is responsible for issuance of the 401 Water Quality Certification. Other federal
laws regulating wetlands are contained in Section. 10 of the Rivers and Harbors
Act of 1899, the National Environmental Policy Act (1969), the Coastal Zone
| Management Act of 1972, Executive Order 11988 and 11990 1977), the Food
| Securities Act of 1985 (Swampbusters), and the Water Resources Development
Act of 1986.

State Programs

Laws and regulatxons in the State of Washington that address wetland protectron
- | include the Shoreline Management Act, the Growth Management Act, Hydraulic
- | Project Approval, the State Environmental Policy Act, the Floodplain Management
Program, and the Forest Practices Act. Policy documents that contain
| recommendations and standards regarding wetlands include Executive Order 90-4,
the Puget Sound Water Quality Management Plan, and Department of Community
Development's Minimum Standa.rds

King County Regulations
The ng County Sensitive Areas Ordinance (SAO Ordinance No. 9614 1990) .

| regulates the protection of wetland habitats in unincorporated portrons of King
County (and in mcorporated areas where an mterlocal agreement is in place)

Wetland Rating System .
| The ng County SAO classifies wetlands as either Class I, II or I accordmg to

their size, value (benefit), quality (condition) and functrons (i e. what they do in the
larger envuonment), as descnbed below.

1 Class l Wetlands

¢  Wetlands which have recerved an Unique/Outstanding #1 ratmg in the ng
County Wetlands Inventory (1983), or
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o Exhibit the presence of species listed by the federal or state as endangered, or
"threatened, or exhib_it the critical or outstanding habitat for those species, or

» Havea combonent of 40% to 60% pehnanent‘ water in dispersed patches with
two or more classes of wetland vegetation, or

 Are equal to or greater than ten acres in size having three or more wetland
classes (emergent, scrub-shrub, etc.), one of which is open water, or

e Exhibits the presence of plant associations of infrequent occurrence.

Class 1l Wetlands

. Wetlands which have received the Slgmﬁcant #2 ratmg in the King County
Wetland Inventory (1983), or

e Are greater than one acre in size, or -

o Are equal to or less than one acre in size and have three or more classes of
wetland vegetation (emergent, scrub-shrub, etc.), or

e Are equal to or less than one acre in size and have a forested wetland cfass, or
- . Havehgron rookeries or raptor nesting trees.
Class 1l Wetlands

« Wetlands whlch have recexved the Lesser Concem #3 rating in the King
County Wetlands Inventory (1983), or

o Are equal to or less than one acre in size and have two or fewer wetland
classes (emergent, scrub-shrub, etc.).:

Wetland Mitiga tion

When development will result in dxrect physical xmpacts to wetlands, a wctland
mitigation plan must be prepared as part of the permitting process. Impacts are
" quantified, and a proposal to compensate for wetland function and value losses
must be developed. . Compensation requirements are dependent on the class rating
- .of a wetland and the extent of impacts proposed. A wetland assessment report,
documenting existing wetland functions and values, is used as a basis for
identifying the impacts of proposed development on a wetland system. The golf
course planner should first consider avoiding impacts by choosing an alternate site,
design, or construction methods. If this is not possible, mitigation strategies-
should be considered to minimize impacts. Mitigation may consist of restoring
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impacted wetlands, enhancing existing wetlands, or creating new wetlands.

Wetland restoration improves the conditions of existing degraded wetlands or

reestablishes wetland habitat in areas they once occupied. Wetland enhancement

involves improving the functions and values of an existing wetland. Wetland

creation is creating a new wetland from an upland site to replace wetlands lost to
development.

| Planning Strategies

The following strategies should be consndered and incorparated in golf course
planning. :

'« Wetlands on proposed golf course sttes should be identified and evaluated for
their fiinctions and values. .

o Determine the minimum required buffer width for each wetland and
incorporate into design. Determine if the minimum buffer widths are consistent
with wildlife management objectives. (Note that in some instances the
minimum buffer may not be adequate to protect the wetland from probable
impacts associated w1th golf course development.)

o Course layout should evaluate and avoid impacts to wetlands and their buffers.
o Treat all surface water runoff prior to discharge into the _wctlahd and its buffer.

» Avoid alteration of flow patterns, salinities, and other characteristics due to
proposed changes in ground or surface hydrology.

o Provide sedimentation control facilities prior to dxscharge into the wetland and .
its buﬁ'er

Habitat Protection and Wildlife Ehhéncement :
Wildlife Habitat Regulation

Golf course-planners will need to identify wildlife habitat present on potential sites.
The Washington State Department of Wildlife (WDW) has identified what it
considers to be habitats of high priority, i.e. those associated with wildlife species
that receive varying levels of protection. Priority habitats include wetlands,
riparian corridors, meadows, islands, aspen stands, old growth and mature forests,
~oak woodlands, snag-rich areas, talus slopes, shrub-steppe, urban natural open
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space, caves, and cliffs. The value of any given habitat is-elevated to priority status
if the area possesses one or more of the following attributes:

comparatively high wildlife density,

high wildlife species richness,

significant wildlife breeding habitat, -
significant seasonal ranges (migratory species),
significant movement corridors for-wildlife, and
limited availability, and/or high vulnerability.

Although the WDW does not directly regulate these habitats, it has developed |
management recommendations (e.g. for buffers). The U.S. Endangered Species
Act also regulates species listed as threatened or endangered. ‘Currently, King
County has not adopted distinct regulations for wildlife habitat (apart from
wetlands) the County is currently drafting SEPA wildlife guidelines.

Habitat Basics

Three basic components are required to establish viable wildlife habitat: food,
water, and cover. Food sources include insects, seeds, nuts and berries. Water is
available from aquatic resources (ponds, wetlands, and streams). Vegetation
provides opportunities for shelter, nesting, breeding and avoiding predators.
Structural diversity throughout the full range of vegetative layers contributes to
~ value of the habitat. The value of the wildlife habitat is highest when the | -
understory (groundcover), midstory (shrubs), and overstory (tree canopy) are all
present in a broad habitat area, although specxﬁc species will prefer or require

specxﬁc propomons of these as habitat. |

Spatial Requirements

Each species has a minimum amount of habitat area which it needs to sustain itself.
If a habitat area falls short of this minimum, the species requiring that minimum
~ area is not likely to be found. The size of a given habitat area also influences the |.
~ amount of species diversity to be expected. It is generally believed that increasing
a habitat unit by a factor of ten will yield twice the number of species supported by
the habitat. - Conversely, reducing a habitat area by half will reduce the number of
species the area will support by one-tenth (Wilson, 1989). :

The shape of a habitat area, its arrangement in the context of the broader landscape
and the distance to other habitats are also factors that will influence the type and
- number of species expected to use a habitat area. The matrix of land use patterns
and natural features such as riparian corridors, lakes, and wetiands produces
habitat areas which are typically shaped in elongated strips, or patches and clumps
of vegetation. Strips of habitat can function as corridors which facilitate the
movement of wildlife. Clumps provide larger areas of habitat which buffer wildlife
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from .surrounding developed lands. The distance between habitat areas will

determine the likelihood of movement from one area to another. Beyond a certain

distance, habitat clumps become isolated islands from which movement is severely

restricted. The age of a habitat area and the amount of disturbance to which it has

been subjected will also affect its value for wildlife habitat. An older well

established habitat area is hkely to exhibit greater structural dxver51ty supporting a
broader range of wildlife specxes

Impacts of Development

Human activity in and near habitat areas impact the viability of the wildlife usage.
Impacts associated with human activity which have detrimental cumulative effects
on wildlife habitat include trampling of vegetation; noise; use of machinery;
traffic; predation by dogs and cats; the use of pesticides, herbicides, and fertilizers;
removal of vegetative cover and replacement of vegetatlon with plant spemes
lacking diversity. Development, including golf courses, has resulted in the
fragmentation and-in some cases eradication of wildlife habitat.

Fragmentation of wildlife habitat results from the filling of wetlands, relocation of
‘streams and drainages, cleanng of forests, and road construction. Large tracts of
. naturally vegetated areas are broken into smaller patches of habitat. Many

problems result from fragmentation. Development can create barriers between

remnant patches of habitat, which restricts wildlife movement. Breaking up large
"clumps of habitat into smaller patches increases the edge condition of thathabitat,

affects temperature and humidity, and reduces core space. The ratio of edge

habitat to interior habitat increases as fragment size decreases. Edges, also known

as ecotones, occur where a habitat, such as a wetland, meets a road, a clear-cut, or
some other landscape condition, natural or artificial. It'is generally believed that
edges, overall, are detrimental to the maintenance of species diversity. They can
also change microclimatic conditions. Deleterious edge effects can extend into the

undisturbed area and include 1) higher frequency and increased severity of fire, 2)
higher intensities of predation, 3) higher probability of nest parasitism, and 4)
higher intensities of browsing and other forms of disturbance that favor weedy

species (Soule, 1991). N _

Development in riparian corridors can impact fishery resources by reducing habitat
due to clearing of vegetation. The absence of shading' vegetation along stream
banks can cause a significant increase in water temperature. As water temperature

reaches into the mid to upper eighties, dissolved oxygen levels decline and many

forms of aquatic life enter into a condition of stress. Trout and other salmonids do

best when the maximum temperature does not exceed 68 to 72 degrees Farenheit

(Klein, 1990). Clearing can also reduce bank stability and the supply of large

organic debris to the stream channel, which would degrade fish habitat value.
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Large Scale Wildlife Enhancement Planning

The first step of the golf course planner is to conduct a thorough evaluation/survey
. to identify the type and quantity of wildlife habitat present on the site; King
County's draft SEPA wildlife study guidelines should also be reviewed. The
survey methodology should be developed in consultation with federal, state and
local agencies, and with the assistance of a trained wildlife biologist. Using this
site assessment, the course layout should attempt to avoid impacts to valuable
habitat areas where possible. Unavoidable impacts should be minimized by
choosing alternative design solutions and construction techniques which will have

less deleterious effects. Opportunities for enhancement and connecting wetlands |
and other habitat (on-srte and off-site) into a continuous network should also be

explored

Ifa wxldhfe habitat enhancement program is proposed as part of a mmgatron plan,
 the planner should begin by targeting the species or wildlife community that will be
. lmpacted by the proposed development, and determine the area needed for the
species with the largest space requirements. This will establish the core area
required for enhancement. The configuration of the existing habitat should be
reviewed to identify where the spatial requirements of the targeted species can or
cannot be accommodated. The resulting map will reveal where opportunities and
constraints for enhancement exist. The evaluation area should consider wildlife
* protection areas and seek to maintain connections to those areas. The planner can
use this map as the basis for planning the mitigation enhancement area and its
rclatxonshxp to other more active programmed course activity.

Several different approaches to enhancement are possible.

o Focusing exclusively on maximizing opportunities for wildlife enhancement,
-the planner would tend to locate the habitat area in one large clump in the
comner of a site (Goldstein, 1982/1983). This would result in the greatest
possible separation from human activity, especrally veh:cular traffic.

o Ifthe planner is interested in including the habitat area as a visual amenity, and
wildlife concerns are minimal, the tendency would be to locate the habitat area
in the center of the site (Goldstein, 1982/1983). This concept provides the |
greatest accessibility and maximizes the visual surface area it presents to the
surrounding development. This layout concept creates a compromise to
wildlife habitat value.

o The greatest compromise occurs if the habitat area is fractured throughout the |
site in small patches or strips; this should be avoided in sensitive habitat areas
(Goldstein, 1982/1983).  Strips of vegetation distributed throughout the site
have an aggregate visual surface area which is much greater than a single large
clump of vegetation located in the center or the corner of the site. However, it
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is difficult to achieve structural diversity requirements of high value habitat
with strip plantings. Strip plantings are most effective when planned as broad
corridors to facilitate the moVement of wildlife.

e The 1deal compromxse between visual amenity vs. wildlife value is a mixture of |
clumps/patches and strips (Goldstem, 1982/1983). :

The best ‘way to maintain the value of wildlife habitat is to minimize ‘the golf
course's contribution to habitat fragmentation. Among the most important
measures that can be taken are the consolidation of open space areas (Soule,
1991). This approach reduces deleterious edge effects. A possible mitigation
strategy would be to use strips as connectxons between clumps to provide
-comdors and prevent isolation. _

| Ultimately, the quahty of the existing site, its ecologxcal dxversxty, land use hnstory |
“and vegctanon composition (and successional stage) will all influence the wildlife
habitat any given site will support. All these factors should be consxdered when

developing an enhancement program
Site Specific Wildlife Enhancement Planning

'The most successful strategies for habitat enhencement are those which make use
of the existing habitat to aruculate site layout Thc following planning approaches
are recommended:

« Endeavor to fit the development to the landscape rather than forcing a program
onto the site.

» Existing habitat features should be surrounded by a buffer to mmnmze the
impacts of development. _

« Locate the least active uses adjacent to buffer area. Plan to locate the most
active use are‘as the greatest distance from the habitat area.

o Individual features of the site which provxde habitat value should be
- incorporated into the overall design of the golf course.

o Mature ‘mdmduals, groups or "specimen trees”, and understory vegetation
should be retained when possible.

« Native vegetation within the roughs can provide wildlife habitat. Retain dead
trees and snags downed logs and brush piles within the rough.

. Careﬁxlly select regxonauy adapted plant species to minimize ‘maintenance
requirements.
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« Implement an integrated pest management program to minimize the use of
fertilizers and pesticides (see Chapter 7).

o Stream channels located on propdsed sites should remain in a natural unaltered
State. '

. Retmn naﬁve vegetatidn adjacent to streams to maintain appropn'ate water
- temperature and habitat conditions for fisheries (Klein, 1990). (See King
County SAO for applicable stream buffer requirements). -

The use of plant material adapted to the Pacific Northwest is recommended for
landscape development of both natural and active areas in a golf course site plan.
- The term adapted should not be confused with "endemic”. As used in this manual,

adapted species are those that will flourish under exxstmg microclimatic conditions

for each portion of the site. Adapted plant material requires less maintenance than
exotics that may be poorly adapted to local conditions and therefore, need more
‘intensive maintenance. - The use of chemicals such as pesticides, herbicides, and

fertilizers is minimized. In addition to reducing maintenance requirements, the use

of adapted. plant material can increase the value of wildlife habitat and bio-
_ diversity, reduce erosion and sedxmentatxon, reduce the need for u'ngatxon, and’
provide seasonal visual mterest

- The WDW has developed a list of plant material that is recommended as providing
food for western Washington birds (see Table 4-1 at the end of this section). It
should be noted that the plant material recommended provides habitat for insects
which can be found in the twigs, bark, and leaves of trees and shrubs. Birds feed

~ on insects, as well as the seeds, nuts, and fruit of the plants listed.

4.2 Wildlife Habitat Managerﬁent and Maintenance
Introduction |

Mitigating impacts of golf courses on wildlife habitat can best be accomplished by

incorporating wildlife habitat considerations into the overall planning process,

including the design, construction, and operation phases. Goals for habitat

‘management should be established and incorporated into the overall golf course

 management plan. Depending on management goals specific wildlife populations
can be increased, decreased or maintained.-

In addition, ,golf course maintenance practices that avoid or minimize impacts
should be implemented. Monitoring of maintenance procedures should be an
element of the management plan; this can help reduce the risk of cumulative
impacts over time via source control. The degree of monitoring should be
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commensurate with. the sensitivity of the site's wildlife and the scale of the
‘management plan.

Use of Chemicals: Pesticides, insecticides, Herbicides and
| Fungicides ' -

Replacement of existing vegetation with turfgrass and intensive turfgrass
management practices are among the most significant impacts of golf course
developmient (see Chapters 8 and 9). If not properly managed with an integrated
pest management plan, these practices can alter the structure and availability of
wildlife habitat by affecting the basic habitat requirements: food, water, and cover.

- Applying insecticides and other chemicals on turfgrass alters the composition of
‘insect populations. Many species rely on insects as a primary food source. Wildlife
“survival and reproduction corresponds directly to the .abundance of food. The
reproductive season of many species corresponds to peaks in insect populations.
Birds and mammals emigrate from pesticide treated areas due to the reduction in
insect populatxons This can affect breeding patterns. Birds are affected by
| changes in territory size and structure, increased risk of predation, increased

- | difficulty in locating and building new nest sites, and increased competition for

food. For those species which remain in treated areas, the reduction in the food
source could result in reduced survival of offspring. Pesticides create changes in
other habitat characteristics. Herbicides and other chemicals change the structure
of vegetation. Chemically removed vegetation also reduces the food supply-of

prey populations (Balogh, 1992).

- The Institute of Wildlife and Environmental Toxlcology (’I'IWE’I’) has a
multidisciplinary research program under way in Washington State and other states
to study the interactions between wildlife and chemicals released into the
environment. Requests for relevent local information provided by TIWET should

be directed to:

" Dr.RJ. Kendall
The Institute of Wildlife and Environmental Toxxcology

Clemson University
Pendleton, South Carolina 29670

Wildlife exposure to pesticides can occur in a variety of ways. Routes of exposure
include direct consumption of granular formulations or solutions from standing
water, ingestion of poisoned insects and other contaminated prey, residues on
treated vegetation and seeds, and dermal absorption and inhalation (Balogh, 1992).
There are two types of direct effects of pesticides and herbicides on wildlife: acute
and chronic. Acute effects are episodic and occur when exposure to large
quantities of pesticides trigger an immediate response. For example, acute effects
may occur if wildlife is exposed to an application of pesticides immediately
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followed by a heavy rain. Potentially toxic concentrations of pesticides can exist in
runoff or surface pooling of drainage. Toxic concentrations of pesticides can also
occur in accidental spills and over-application, or if the pesticides have not been
watered in properly. Chronic effects are more subtle than the dramatic impacts of
acute exposure. Small doses of a chemical over time may result in chronic
toxicity. Chronic exposure to pestlcldes — which may be difficult to identify by
casual field observation - can cause reproductive effects, carcinogenicity,
bioconcentration, changes .on populatlon densnty, and teratogenesns (Balogh,
1992).

It is difficult to determine the toxicity of any given chemical because of the

complex interaction between chemical and environmental variables. The level of
toxicity depends on the species exposure to the chemical, levels of concentration,

the formulation, timing and duration of precipitation, and amounts of runoff (see

Chapter 9). Careful planning - that accounts for timing and rate of application,

supervision of personnel, and proper handling -- will minimize the risk of exposure

(see Chapter 8). All chemicals should be applied by a licensed operator accordmg

to the manufacturers specifications (Balogh, 1992)

Integrated Pest Management Programs

Integrated pest management (IPM) programs have been successful in reducing the |
impacts of turfgrass maintenance on wildlife habxtat IPM practices mclude

o . use of bnologlcal controls and turf vanetles resistant to dlsease and pests pnor
to chemical treatment

. development of economic thresholds and scouting for pests and diseases prior
to chemical treatment;

 reduction of chemical loading'of golf coufseé by avoiding routine treatment
' whenever possible; and

» incorporation of wildlife species onto the pest control plan such. as bats and
insect eating birds (Balogh, 1992).

See Section 8.3 for :additi'onal. discussion of Integrated Pest Management.

Impacts of Construction and Maintenance |

Several impacts to wildlife habitat are associated with golf course construction and -
maintenance. Heavy construction machinery generating noise and compacting

soils, site clearing and grading operations, and alteration to drainage patterns can
change habitat and eliminate sources for food, water, and cover required by
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wildlife. Some of the most common impacts of golf course constructxon and
maintenance practices include (Balogh, 1992):

Stream channehzatxon,
Loss or permanent destruction of wetlands,
Loss of wooded zones on waterways,
Increased temperature of streams and lakes as a result of shade reduction, -
reduction of interflow, release of heated water from shallow ponds and release
of heated storm flow from impervious surfaces,
o Reduction of stream base flow resulting from irrigation. withdrawal,
« Pollution of surface water and groundwater resulting from nonpoint movement
of pesticides and fertilizers,
e Pollution of surface and ground waters ﬁ'om periodic spills of pesticides,
' fernhzer and fuels,
o '~ Movement of pollutants in storm flow from impervious surfaces, -
o Acceleration of channel scouring due to increased duration and/or velocity of
" storm water runoff, . :
o Altering the frequency and magnitude of ﬂoodmg in surrounding terrestrial and
aquatic systems, and
« Erosion or soil compaction dunng construction..

| To minimize impacts to :wildlife habitat resulting from construction and
maintenance, select sites for development that are minimally constrained by
sensitive areas, follow standard practices for temporary sedimentation and erosion
control, maintain adequate buffers (reflective of wildlife objectives) around
sensitive areas, and develop 1rr1gatlon and water management practices that
minimize withdrawals and do not increase water temperature.

Thinning Buffers and Wetlands for ‘G'olf-' Play

The thinning of wetland and buffer vegetation to facilitate course play is not
permitted by King County SAO regulations. However, a variance from this
limitation may be granted if an analysis of alternatives determinés that course
‘layout cannot be achieved without selective thinning. The potential impacts of
thinning must be evaluated by the applicant. A mitigation plan must also be
| developed to compensate for any resulting loss of wetland or buffer functions.

When a line of play through wetlands/buffers cannot be avoided, the golf course
planner should locate fairways to minimize potential impacts. Narrow areas
| within wetlands, which have already been disturbed or where the height of
vegetation will pose the least impediment to play should be identified. Additional

mitigation measures that should be considered include the following: . -

e limit thinning to a minimum corridor:
. locate haul roads (e.g. for hauling debris) to minimize vegetation disturbance;
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e create habitat features in other parts of the buffer through use downed logs and

brush;

o consult with a wildlife bxologxst to determine appropriate locations for habitat
features;

o plan thinning to avoid disruption to wetland hydrology; and

o use hand rather than chemical means to accomplish thinning.

Wildlife Management/Maintenance Policies

- Establishing goals is the most unportant initial activity in developmg a habitat
management program. The overall goal of habitat management .should be to
sustain wildlife habitat throughout. course construction, establishment, and
maintenance. Steps and factors to be considered in estabhshmg management goals
include the following:

« Determine the species to be favored in the management plan. The selection of
‘species may be based on legislative mandate, species needed for pest control,
or species which meet other habitat goals related to maintenance.of the course.

o Determine the habitat requirements for territory size, foraging, breeding,
nesting, for each species. Various animal species have habitat needs related to
the successional stage, amount of canopy closure, vegetation height, vegetation
diversity, the presence of snags and decaying logs, and other physical |
characteristics of the plant community. These speclcs specific dependencies on
habitat features must be consndered ' ,

o Once the habitat reqmrements for the targeted species is determined, establish
overall goals for the wildlife management program. An example of a goal may
be to restore breeding populatxon of an insect eatmg species to assist with pest
control.

« Determine the habitat structure required by the targeted species. Then develop’
a restoration plan to install the vegetation and special features needed to
restore the desired habltat

¢ Once installation is complete, a rrionitoring progrém should be developed to
measure the success of the wildlife management- plan.

Speclfc Management Practices

- The Washington Department of Wildlife (WDW) has dcveloped a hst of
recommended wildlife habitat management practices. These recommendations are
- listed below (WDW, undated). In addition, the United. States Golf
~ Association/Audubon Cooperative Sanctuary Program for Golf Courses can
provide information on techniques for enhancing wildlife habitat during golf course
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development. (Contact Seattle Audubon Socxety, 8028 35th Avenue N.E., Seattle,
WA 98115).

Primary Priority Habitat and Specfes (PHS) Management Practices

1) Permanent protected area: an area around the nest site of the PHS specxes
No permanent land use change should be allowed within the protected area.
2) Conditioned Area: establish a buffer around the habitat or important habitat
~ component of the PHS specxes within which land use changes are restricted
| . or conditioned.
3) Natural habitat: Maintain a natural habitat provndmg a suitable combmatxon
‘ of food, water, and shelter relatively free of human dxsturbance
4)  Selective clearing: Limit clearing. -
5) Maintain a particular successional stand, plant commumty, or plant speclcs
6) . Create or maintain snags; cawty-nestmg birds use thxs as their pnmaxy
" habitat. :
7) Maintain structural mtegnty of wetlands
8) Maintain structural integrity of riparian areas

Secondary PHS_ Managemeht Practices

|9) Limit human disturbance

10) Retain downed logs/stumps ‘
‘11) Allow natural regeneration of logged/burned areas
12) Maintain water flow and water quality, control stormwater runoff .
13) Limit in-stream structures, such as bridges, piers, boat ramps, or culverts
which impede the animal's natural movements .
.14) Limit the amount of roadway and /or restrict their placement in the landscape.
15) Limit chemical applications mcludmg msectxcxdes herbicides, rodenticides,
"~ and pesticides
16) Limit non-native and/or mtroduccd animals that may act as compctxtors or
" predators’
17) Limit scientific collecting
18) Limit wire fences to allow free movement of a.mma!s
| 19) Provide artificial nest sites or nest boxes

‘Monitoring

Monitoring provides a framework to evaluate the progress of wildlife enhancement

and maintenance measures over time. Problems can be identified and modifications
made to enhance the success of the project. The most effective and lcdst expensive

way of judging the effect of a golf course-upon the environment is biological -
monitoring. (Klein, 1990) Studying changes in fish, insect, and algae populations
associated with waterways present on a golf course can detect and identify the
| impacts of human activity on the aquatic environment. Techniques for monitoring
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the health of fresh and free flowing waters are described in "Rapid Bioassessment
Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish",
available from the U.S. Environmental Protection Agency, Assessment &
Watershed Protection Division, 401 M Street, S.W. Washington, D.C. 20460 (use
order number EPA 444/4-89-001) (Klein, 1990). Monitoring protocols are also
described in the Guide for Wetland Mitigation Project Monitoring, Horner and
Raedeke, Washington State Department of Transportation, 1989 and the Ohio
EPA "Index of Biotic Integrity”.

‘Examples of data to establish a baseline of data for momtonng habitat should
include: field surveys or. information about " on-site conditions prior to
_construction; data collected in the first year following implementation; information
- from a reference site or from literature describing - similar situations, and
information from studies of existing, undisturbed habitat (Stevens, 1992). At a
minimum, monitoring should be conducted to evaluate progress relative to the
goals and performance standards established at the beginning of each project. A
detailed discussion of designing a monitoring program can be found in Washington
Department of Ecology's Restonng Freshwater Wetlands in the Pacific Northwest

(Stevens, 1992).

Methods of monitoring the potential effects of changes in water quality on aquatic
resources include monitoring drainage pond water quality and biomonitoring.
Sediments and fish tissue from the pond will provide the most reliable medium for
detecting pesticide residues. The concentration of a ‘particular pesticide in
- sediment or fat might be 10, 100°or 1, 000 times greater compared to water (Klein,
1990).

-Biomonitoring techniques for assessing changes in water quality have been
developed by the U.S. Environmental Protection Agency (EPA). These relatively
inexpensive techniques can determine the pesticide level in water that will threaten
aquatic species. - Biomonitoring techniques can also determine the cumulative
effects of all pesticides that affect aquatic resources, important for assessing the
toxicity of a combination of pesticides. More information of biomonitoring
techniques can be found' in Short-term Methods for Estimating the Chronic
Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms,
EPA, 600/4-87/028, and Shori-term Methods for Estimating the Chronic Toxicity |

of Effluents and Receiving Waters to Freshwater Organisms, EPA, 600/4-87/001.

4.3 Buffers
Introduction

Buffers act as undeveloped transmonal zones between environmentally sensitive |
arcas and developed lands. The buffer zone functions to protect sensitive habitat
areas - such as wetlands, riparian corridors, shorelines, and steep slopes — from
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impacts of development. The most damaging impacts of golf course development
| on wildlife habitat include construction activities, increased runoff and decreased
water quality. (Note: According to King County regulations, natural water bodies
and artificial water bodies created as mitigation are required to designate buffers.
| ‘Buffers do not apply to artificially created water facilities designed for stormwater
‘management, irrigation reservoirs, or aesthetic purposes). :

Buffer Functions

Wildlife habitat is composed of a habitat feature such as a wetland or riparian
corridor plus the adjacent upland surrounding that feature. Many wetland
| dependent species, for example, need both wetland and adjacent upland to satisfy
their basic survival needs: food, water, shelter from climatic extremes, vegetative
structure, and cover for reproduction and rean’ng of young (WDW 1991).

.Wetland buffers, for example, can function to maintain water quality and quannty,
maintain fish and wildlife habitat, and minimize disturbance from human actmty
Buffer vegetation can help keép water and surface temperatures cooler in the
‘| summer and warmer in the winter; provide food and cover for wildlife (ranging
from small to large mammals); 'ﬁmc'tion as rearing areas for the young; and satisfy
nutrient and cover requirements of aquatic systems and their organisms. Large
organic debris is generally believed to be essential habitat requirement of native
| fish populations. Downed logs in stream channels help develop pools and fish
hiding cover. Smaller organic debris such as leaf litter, twigs, and other plant parts
‘provide an extremely important food source for aquatic ecosystems Buffers '
function to filter sediments and pollutants. Dense vegetation growing along stream
channels serve to slow floodwater velocities, decreasing flood related eros:on and

other damage.

The transitional zone between upland and aquatic habitat provides habitat for many
“wildlife species. Fifty vertebrate species use the water/shrub edge for primary
breeding and feeding, forty-six use ‘the water/forest edge, ninety-eight.use the
riparian zone -of herbaceous wetlands, and exghty-ﬁve use open water ponds.
W ashmgton Department of Wildlife, 1991).

Buffer Needs of Flsh and Wildlife

Buffers vary in size and structure according to the sensmvnty of the habltat area the
buffer protects. Buffer width may be determined by legislative mandate, or by the

habitat requirements of the species or ecosystem targeted for protectxon Buffer
requirements also vary according to the level of activity occurring nearby. The .
‘| WDW has made buffer width recommendations to meet the needs of fish and
-wildlife. King County typically determines required buffers for wildlife habitat

during project review. Minimum buffers for streams and wetlands are established
in the SAO (see Table 4-2). :
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Wetland systems that have an open water component, or are heavily used by
migratory birds, require larger upland buffers. Depending on the species present,
highly rated wetlands with important wildlife functions may require buffers of 300-
600 feet when located adjacent to a high activity land use (WDW, 1991). These
buffers may be reduced to 200 feet 'when the wetland is adjacent to a lower
intensity land use. In all cases, wildlife ‘management objectives should be
consistent with buffers; in specific situations, this may result in buﬁ‘ers greater
than minimum required widths.

Sensitive Areas Ordinance Buffer Requirements

The King County SAO (Ordinance No 9614) defines buffers in the following
~ manner. ,

"Buffer means a designated area adjacent to and a part of a steep slope or
landslide hazard area which protects slope stability, attenuation of surface
water flows and landslide hazards reasonably to minimize risk; or a
designated area adjacent to and part of a stream or wetland that is an
integral part of the stream or wetland ecosystem."

King County’s minimum buffer requirements are shown in Table 4-2.
Note on Control of Turf-Attracted Species

Canada Geese (Branta canadensis) can become a nuisance to golf courses when
they forage in large numbers and litter open turf with feces. A wildlife biologist
should be consulted for managing any problems that develop with this species.

4.4 Areas Requiring Additional Research

Evaluation of risks .associated with agrochemical impacts on wildlife will involve a
research program including laboratory and field studies in the disciplines of
analytical toxicology, biochemical toxicology, wildlife ecotoxicology and wildlife
ecology (Kendall and Ackerman, 1992). -As such research programs occur, their
results should be used to update this manual. .
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Chapier Four

Table 4-2. Minimum Buffer Widths -
King County Sensitive Areas Ordinance.

Class : | Slope

| Resource I o om____>40%
Wetlands! 100 50 25
Streams2 100 = 50-1003 25 .
Slopes* v ‘ . 50

Notes . )

These buffer widths may be adjusted as required to account for critical dxamags, loation of
hazardous materials, critical fish and wildlife habitat, landslide or crosion hazards, gmund
water recharge or discharge, or the location of trail or utility corridors.

2 Buffers are measured form the ordinary high water ‘mark, or the top of bank. For a-
description of stream class mnngs refer to the King County Sensitive Areas Ordinance

: (1990). '

3 100 feet required for Class 2 streams used by salmonids, 50 feet rcqmmd for all other Class 2
streams.

4 A minimum buffer of 50 feet shall be established from the top, toe, a.nd along all sides of
slopes 40 % or steeper. Native vegetation must be retained within the required buffer area.

Source: King County SAO, 1990.

Golf Course BMP Manual ' 4-28
January 1993 : . ’
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Chapter Five

Water Consumptnon and Conservatlon

8ummary of Best Management Practlces

Ifthe antxctpated water source for the course is a public water utility, consult with the.
local water utilities early in the golf course planning process. . '

- Prepare a water budget based on an end-use analysns that considers water demand of

landscape plantings; annual average and summer water use; water needs for
establishment period versus ongomg mgatlon needs and all other project water

nwds
Develop a water management plan durmg golf course desxgn
Evaluate avmlabxlxty of groundwater and potenttal for water reuse. |

Evaluate the applxcabllrty of course desrgn that reduces the u'ngated turf area.

Install a centrally controlled i trngatron system that estabhshes the need for-water, 'b‘a'sed

on evapotranspiration from a weather station, soil moisture content as indicated by soil
sensors, or other means. A properly designed, installed and maintained system will
increase the efficiency of water use and promote healthy, disease and pest-resistant
turf, which is an important facet of a successful IPM program. -

The irrigation system should be designed by a qualified 1mgatxon designer, reviewed

by an irrigation auditor prior to acceptance, and audited annually by trained golf

course staﬁ‘ to.ensure the system is operating properly

Golf Course BMP Mannal
January 1993



Chapter Five

5.0 Water Consumption and Conservation

A major concern of new golf course siting and design is the water requirement for
irrigation of the course. Golf course operation requires management of tees and
greens, and to a lesser extent, fairways and rough. In addition, some ‘degree of
landscaping using ornamental or adapted species is usually associated with a
course. Generally, management of the course involves irrigating during the
summer months, with little or no irrigation requ:red during the wet fall and winter
months.

This section discusses considerations that need to be evaluated when defining a

source for irrigation water. In addition, the section: presents various approaches | -

~ that can be taken during both the planning and management of golf courses to
maximize water conservation. A summary of golf course u'ngatlon systems and
their eﬁ‘ectnveness in water conservation is also provided. .

51 Water Supply

A prime cultural practice related to turfgrass maintenance is irrigation. There are

several potential sources of water, which may include any combination of | -

groundwater, surface water, treated wastewater (reference Section 5.2) or water
from a local water supplier. The appropriate source for a given project will be
dependent upon several factors after establishing the average and peak irrigation
requirements. For surface and groundwater sources these factors include water |
- rights applications and permitting policies and regulations, basin or groundwater
management-plans involving the proposed source, sustainable yield, and proximity
and sensitivity of aquatic habitats or resources that may be affected by the
withdrawal. For water reuse, factors include the volume of treated wastewater
that will be generated, the quality of the treated wastewater, permitting for the-
application of treated wastewater under joint Washington Departments of Ecology
and Social and Human Services authority, and proximity of a treated wastewater
source. For connection to a local water supplier's potable drinking water system,
important factors will include capacity and planning by the supplier and guarantees,
or lack thereof, to which the water supplier will agree (i.c., irrigation use will more
likely have a lower priority for supply than potable uses dunng any water shortages
that occur). S

The selected source must have sufficient capacity to sustain the peak irrigation
demands with high quality water throughout the lifetime of the course. Otherwise
the turfgrass investment is jeopardized. Use rates may vary considerably depending
on location and local climate, soil type, turf type, and level of intensity of cultural
manipulations such as mowing and fertilization. Generally, all cool season grasses
require a replacement of 50% or more of measured evapotranspiration (water lost
from plant transpiration and evaporation) to avoid quality declines (see the Water
Budget example; Section 5.2, Water Conservation). .
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Groundwater

Concerns about the use of groundwater for irrigation purposes generally relate to
the potential effect of the groundwater withdrawal on nearby wells that may be
| water sources for individuals or communities. Prior to identifying a potential
water source, applicable ‘public water supply plans and regulations should be
reviewed. In addition, the following guidelines should be used when 1dennfymg a
source for irrigation water. .

. It should be determined whether the area is located in a Groundwater
Management Area (GWMA), as designated by the Department of Ecology. If
the area is within a GWMA, the Groundwater Management Plan for the area
should be thoroughly reviewed and relevant restnctxons and management
gmdehnes identified.

o The groundwater source should only include water from confined aquifer'
' systems, unless an established water right already exists (Draft Hydraulic
Continuity Policy, July 6, 1992, Washington State Department of Ecology).

o All well construction should follow Washington State Department of Ecology
guidelines (Klein, 1990) and water rights application procedures must be
followed through Ecology. A thorough 24-hour pump test must be conducted
by a qualified hydrogeologist prior to the onset of groundwater use to assess

- the potential impact upon other well users: in the area, and to indicate the
potential for negative impact to resources reliant on groundwater recharge.
The test should be conducted at the maximum projected pumping rate. The

. results of the test should be used to project the cone-of-depression under
drought conditions. If the cone-of-depression for production wells would
adversely affect existing wells, then alternative water sources must be provided
for irrigation and/or other groundwater users. :

Treated Wastewate_r Reuse

Many developments in other states use treated wastewater for irrigation purposes.

‘| The use of this water source for irrigation often corresponds with wastewater
treatment plant disposal needs.  Treated effluent water can be an excellent source
for irrigation provided that the level of treatment is sufficient, the nutrient load is
acceptable, and that there are no residual industrial contaminants. Additionally,
the water needs to be free from abrasives to help reduce damage to the internal
components of the .irrigation hardware. In Washington State, there are water
quality treatment requirements for water reuse on golf courses (see Section 5 2,
Water Conservation).

'In an agronomic sense, water of ‘good quality would be most desirable for
irrigating turfgrass.  Quality of irrigation water is described through the
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concentration of nutrients such as nitrogen -and phosphorus, the relative
concentration of sodium versus calcium and magnesium, salinity characteristics,
the presence of particulates including organic matter, and industrial contaminants.
Prior to considering any source for irrigation, its quality for agronomic purposes
should be documented via scientific analysis. Concerns for salt buildup may exist
and should be addressed in the Golf Course Management Plan. . :

5.2 Water Conservation

Specialized course design and management techniques should be employed on a |
site-specific basis to minimize consumption of tréated drinking water or
- withdrawal of water from aquifers for irrigation purposes. Techniques employed
in designing and operating water-conserving golf courses include proper turfgrass
preparation and culture techniques (see Chapter 8); use of grass species with
lower-water demand; use of slow release nitrogen fertilizers; reduced golf course
irrigated area; use of adapted or low-water demand vegetation for non-turf areas;
.use of techmcally modem and efficient irrigation systems and water reuse.

Significant differences i in xmgatlon requirements can occur betwecn a ‘conventional | .
course’ and a water sensitive course. The site-specific impact of water
conservation measures should be assessed by development of a water budget (see
technical example in Table 5-1). A water budget is a projection of the amount of |
water that will be used by the golf course. The water budget should be developed
based on the amount of area that will be-planted, and the water requirements of
planting materials to be used (this should be based on evapotranspiration data, if
available). = While turfgrass is a relatively high water user (specific
evapotranspiration estimates are included in Table 5-2) other plantings may require
only moderate or no supplemental irrigation after they are established.

Ideally, the water budget for the entire development would also include uses other
than irrigation (i.e., indoor plumbing). However, course design and layout present
the most significant opportunity for decreasing water use without affecting the
aesthetic or play quality of the course. : .
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- Chapter Five .

Use of Lower Water Demand Grasses (15 to 20% reductlon in
irrigation demand) - :

Typical water demand for grasses adapted to western Washmgton are prov:ded in
Table 5-2, below. . : .

Table §-2. Water Use Rates And Recovery Charactenstlcs of
Turfgrass Adapted To Western Washmgton

: Et Rate - Deficit Irrig.  Drought
Relative (Inches/day Turfgrass =~  Requirement  Injury -
Ranking July 1-Sept..1) Species (ck) Rating .
Medium. - - .08-.15 Hard Fescue 00-501 = Very low
. Medium .11-18  Chewings Fescue  00-601: - Low
- Medium .11-.18 Creeping Fescue  00-601 . Low
High .14-23  Perennial Ryegrass  60-802 Med/High
High ~  .12-23  Colonial Bentgrass 40-803 - Med/Low
High © .12-23  Kentucky Bluegrass 60-803  Medium
Very High . .15-26  Annual Bluegrass  90-1005.  Very High
Very High .15-.26  Tall Fescue 20.806 - Low

1. Will tum brown when deﬁcxt ungated, but will come back in following spring;
~ however, these do not withstand or recover quickly from wear when stressed.
2. Doesnot persist below 60% in umfonn stands on shallow soils. - Related to-
fertility levels.

Recovers well.

Doesn't persist below 60%.
Not very persistent, although this winter annual will seed prohﬁcally and

germinate early. Does not withstand wear but may recover qutckly by

- _reseeding.

6. This is potentially very persxstent although research is still undetway, the
dwarf varieties of this type appear to be preferable.. -

AW

Source: Water Conservation Coalition of Puget Sound.

_ Asindicated, grasses that require less supplemental irrigation include:

» Creeping Bentgrass (Agrostis palustris) - best suited for greens and tees
(varieties include Putter, SR-1020, Providence, Penncross, Pennlinks, Cobra
and Pro/cup); .
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| « Colonial. Bentgrass (4grostis ‘tenuis) - best suited for fairways, tees and
 selected roughs with selected varieties (varieties include Tracenta, Bardot,
Highland and Astoria). (Note: Creeping bentgrass varieties have generally not
been recommended for fairway use in western Washington because of their
potential aggressiveness and thatchiness. However, newer varieties, such as
Egmont, may be useful in the future under low water conditions.);

| « Fescues (Festuca spp) best for suited for roughs, but may be blended for
fairway use where shade and low water resources are available. Will not stand

- heavy wear.

. Perennial Ryegrass (L_oliuin perenne) - many vﬁn'eties; best suited for tees and
fairways.

To select the appropnate turfgrass type or mix, it is important to evaluate the
specific situation, how the turf will be used, and the characteristics of the various
turfgrass types. For best results it-is recommended that only named vanettes of

turfgrass be used.

Grasses suitable for the Pacific Nonhwest that wxll withstand wear similar to that -
imposed on golf fairways and that have lower water demand do not currently exist.
Development and research into such varieties continues. The creeping bentgrasses
may be used for this purpose pnmanly because they will recover from summer
stress. Their ability to recover is a result of their well-developed stoloniferous
(above-ground lateral stems) growth system. Since creeping bentgrasses are more
subject to disease infestations than. some other turfgmsses they may require
greater use of ﬁmgncxdes

Table 5-3. Potential Water deings from Conservation Measures

Water-Conserving Conventional - % Water

Area of Savings - -Course Course Savings
Semi~arid’ Grasses bentgﬁss, fescue blﬁegrass, fescue 15
Irrigated Turfgrass Area 137 acres -~ 180 acres 20
Irrigation System computerized* - non-centralized;

: , . ' h lacking probe inputs 30 - 40
Water Reuse A - . dependent upon supply
Low Water Species Use  considered as reduction i in irrigated

oo course size . 5-10

Potential Cumulative Savings.(exclusive of water reusé) - 47-57

*Automated and centrally controlled using evapotranspiration data.
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Fine fescues will survive significantly lower levels of water than most other
turfgrasses. However, they are bunch grasses and will not withstand wear.

Consequently, these- grasses are not suitable ‘as the main specxes in fairway
seedings. After they become established, they are often persistent in golf course

roughs.

Preemergence or postemergence control of annual bluegrass on putting greens and
fairways is not easﬂy accomplished. Good cultural practices that promote growth |
of the desired species and reduction of injury from disease and compaction, and
thereby -increase the competition to annual bluegrass, should be the basis for

 integrated pest management involving annual bluegrass. Proper irrigation

management, control of minimum cutting heights, appropriate aerification and
baldnced fertilization that includes sulfur are fundamental ingredients. In newer
turfs, the use of preemergence and postemcrgence herbicides may provide an
additional tool for the maintenance of more favorable turf species that will
withstand the pressures of lower water availability. The control of annual
bluegrass through biological control with the bacterium Xanthomonas campestris
may be useful in the future. With proper precautions (see section 9.1), endothall
can be used for postemergent control of annual bluegrass (Washington State
University Cooperative Extension, Bulletin EB 1129; Annual Bluegrass Control in
Turfgrass for Commercial -Applicators). Most area courses do not attempt to
control annual bluegrass or any grassy weeds with herbicide treatment.

Propcr ungatxon managment is critical to promote healthy turfgrass, which will in’
turn result in lower water, feruhzer and pesticide requu'ements

Limiting Size of Irrigated Turf Area (approximately 20% reduction in
imgatnon demand)

Golf courses in water-conscious regions are often smaller in irrigated-area size,
which reduces water consumption. Generally, eighteen hole golf courses in semi-
arid regions average less than 140 total acres in size, compared with conventional |
courses of 180 to 210 total acres in size.  Irrigated areas on conventional courses
are usually about 80 acres. Design features include clearly defined boundaries

| between the turfgrass and surrounding landsca‘pe and land uses. Shrinking the size

of the irrigated portion of the course is usually accomplished by narrowmg
fairways, more strictly defining landmg areas for each shot and narrowing the
rough, which increases the difficuity of play. Taken to extremes, the'increased
dxﬁiculty can be incompatible with public course play objectxvcs '
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-

' Use of Low Water Use Vegetation (savings dependent on acreage of
‘water-requiring plantings eliminated)

The design and layout of a golf course should incorporate or maintain the adapted
vegetation adjacent to the golf course areas of play, and utilize low water use or
adapted species in landscape plantings (reference Section 4.1)."

' Computer Controlled  Irrigation (up to 30 to 40% reduction in
irrigation demand)

Modern golf courses should incorporate a tochnologicany~ modem, centrally -
controlled irrigation system (reference Section 5.3; Irrigation Systems). The use of
‘a computer to control irrigation conserves water as well as management time and

| money. ‘The -most efficient systems use feedback from soil moisture probes or
probes - monitoring wind, precipitation, humidity, and/or air temperature to
calculate evapotranspxratton, and supply.only the amount of water actually needed.
This allows the irrigation system to. adjust to natural weather conditions.. The -
Redmond City Parks Department reports a 30 percent to 40 percent savmgs in-
| water use since installation of a system that was developed for golf course
| management in City parks (D. Tuchek, City of Redmond, pers. comm. 9/18/92).
The benefits of such a system are numerous and include the fovllowing:

o Ability to irrigate the course in smaller, more discrete units (a function of fine
scale i mganon system design during course construction).

. ‘Control of distribution and timing, and control of irrigated depth to the root
zone to supply only the water needed. For example, 30 minutes of irrigation
can be applied over several hours, allowing for a correct watering depth on
sloped areas, but prevcntmg surface runoﬁ'

| o . Labor Savmgs and Flenbmty The central- irrigation system should be
continually adjusted and managed by the course superintendent to reflect
irrigation needs over changing seasons and condmons (reference Sectxon 5.3,
Irrigation Systems.)

e Water savings. Generally speaking, with a knowledgeable operator and good
' design, a centrally controlled xmgauon system will perform at 80 percent or
better efficiency. o , .

Treat_ed Wastewater Reuse

Use of reclaimed wastewater for irrigation should -be investigated wherever
possible. The potential for water reuse throughout King County will clearly be a
function of proximity to a reclaimed water source. In areas with potential but no
immediate water reuse sources, dual plumbing systems could be installed to allow
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eventual transition to reclaimed wastewater. The Washington State Department of |
Health, in association with the Washington State Department of Ecology, has
issued draft water-reuse standards for public comment. Article 4, Section 2, of the
Draft State of Washington- Water Reclamation and Reuse Cn'teria (Irrigation of
Nonfood crops) specifies that reclaimed water for golf courses "...shall be at all
times an oxidized, filtered, disinfected wastewater. The wastewater shall be |
considered adequately disinfected if the median number of total coliform
organisms in the wastewater after disinfection does not exceed 2.2 per 100
milliliters, as determined from the bacteriological results of the last 7 days for
which analyses have been completed, and the number of coliform organisms does |
not exceed 23. per 100 milliliters in any sample.” Washington State interim
‘standards applicable to golf courses are anticipated in early 1993. The US.
Environmental Protection Agency is also preparing national water-reuse standards.
The EPA may utilize fecal cohform rather than total cohforms to determine reuse
standards.

Comparison of potable versus treated effluent water for golf course irrigation on
turf grass has been made in the Southwest, where irrigation with sewage effluent is
a common practxce Although grass species and climatic differences are large
between arid regions, where sewage effluent is an irrigation source, and King
County, where such irrigation is in its mfancy, the practice appears consistent with
turf management objectives of golf courses in the northwest; with some alteration
to cultural pmctlm Secondary effluent was reported to reduce gemnnatxon of
some grass species, probably because of a greater salinity or ammonium content.

However, seeding establishment was superior to potable water after one month,
which was attributed to the effluent being a fertilization source (Hayes et al. 1990).

After four months, turf plots irrigated with potable water and feértilized were
superior to plots irrigated with secondary effluent. Treatment of the effluent plots
with foliar iron was necessary to prevent chlorosis after fertilization. Sodium,
soluble salts and total phosphorous tended to accumulate in the effluent plots.
These differences can be dealt with by changing management practices, such as
increasing the seeding or watering initially with potable water to increase seed
germination; eliminating or reducing phosphorous fertilization; reducmg mtrogen
fertilization; treatment with foliar. iron to prevent chlorosis; and increasing
- applications of soil or water amendments such as gypsum to maintain adequate |-
leaching and prevent build-up of salts (Hayes-et al. 1990).

Valuable water reuse references are: J. Crook, 1990. Water Reclamation. |
Academic Press, Inc.; and R.W. Crites. 19??. Wastewater Reuse by Golf Course
. Irrigation in Cali fomza In addmon, Metro is completing a Baseline Risk
Assessment for wastewater reuse, expected to be completed by December 1992.
Contact Denise Taylor of Metro at 624-1217 for more information.
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On-site Reservoir Storage (lowers peak water rate consumpﬂon)

Aesthetic or water features designed for course play objectlves can provxde several
functions in the management of a golf course:

e stormwater quahty/quantxty control; and,
o providing a secondaxy source of irrigation water to lower peak water demand
rates by reservoir drawdown, or to allow for interruptable supply of i xmgatnon

. water.

Dependmg upon the size and maximum potential change in water surface elevauon '
(usually restrictive for both aesthetic and play water bodies), considerable
reduction in peak water rate reqmrements can be achieved. The water balance
computation should indicate the savings in peak consumption.

Water Mana.gement Plan

A water management plan should be developed when the golf course is designed.
This plan should address contingency planning ‘as well as normal ongoing
operations. The contingency plan should address the local supplier's plans with
respect to water shortages and ‘should outline a-strategy to deal with possible
interruptions to water supply for shortages or other reasons. Strategies could
identify limitations that could be applied to irrigated areas during a shortage, or for -
reservoir water levels to be lowered beyond normal limits (assuming reservoirs are
sufficiently sized). The water balance should indicate the projected minimum, as
well as the average, water requirement for utility planmng purposes.

The ongomg operations portion of the plan should outline pertinent information
related to design parameters of the landscape and irrigation systems, and should
also ndenufy the training needed for staff to deal eﬁ‘ectwely with water
management issues. . .

53 Irrigation Systemé

This section is a brief overview of some lmgatlon techmqucs and is not intended
to be a complete description of irrigation systems

Selection of proper turfgrass types, proper design of the irrigation system, use of
appropriate management strategies, and adoption ‘of an appropriate management -
attitude are all factors in minimizing irrigation water use. The irrigation system
can be designed to include weather monitoring stations, canopy temperature
indices, electronic sensing devices, open evaporation pans, tensiometers or soil
moisture sensors. These instruments, coupled with visual observation of turf
conditions and irrigation feedback software systems that report actual use and
report deviations in supply, can help to specifically determine accurate irrigation
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. water use rates and need, and thus prevent a waste of water resources. Regardless
of the irrigation technology used, water need will vary with weather and other
factors and the u'ngatxon schedule should conform as closely as possible to actual
water need :

Computers are now able to assist the turf manager with making irrigation related
- decisions. Computer. generated data bases coupled to electronic weather stations
help .to provide accurate, reliable irrigation scheduling information. ~When |
computer generated scheduling programs are coupled to single-wired irrigation
~ hardware, the turf manager has considerable irrigation system flexibility and
control. This in turn helps to prevent waste of water, and helps to prevent nutrient
or pesticide related leaching or run-off. For efficient operation, the computer
requires precise programmmg : . _

Generally, there is an aght to ten hour wmdow avallable for mgatmg the entire
course on any given day. This window often requires flow volumes through the
system. of 1,000-2,000 gallons per minute; depending on the size of the course.
Using a computenzed irrigation system can enhance irrigation efficiency through
flow management. “Flow management allows various portions of the irrigation |
system to operate simultaneously, thereby maintaining an optimum system flow
rate. Flow management conserves water, conserves time, conserves electrical
power to the pumping station, and also helps to promote a healthy, vigorous turf
. by maintaining an adequate flow of water to areas requiring irrigation.

The design of an irrigation system is a complicated process, and should only be
undertaken by a qualified designer based on information from local turfgrass
experts. Irrigation specialists and course designers should ensure that sprinkler
design, spacing and control are correct for each hydrozone, or cluster of areas with
similar watering needs (whether that be turfgrass or other course plantings).
Contractor performance when installing the system is equally important. The
irmigation system should be audited by a certified irrigation auditor prior to
acceptance to ensure it was installed as designed. Annual audits by golf course
staff’ are recommended to detcnmne actual eﬂicxcncy and the need for system
adjustment.

Sprinkler Head Control

- Sprinkler heads can be wired to irrigate single sprinklers from a given computer
station. This is especially useful on stations that may require frequent waterings of
short durations (such as slopes, dense subgrades, ¢tc.). The VIH sprinkler head is
pressure regulated, which ensures that the same amount of water will be
discharged from each sprinkler regardless of distance from the supply or the
elevation of the head (assuming that there is sufficient pressure to provide the
proper flows at the highest and/or furthest point on the course).

Golf Cowrse BMP Mamial ' T
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‘Heads without pressure regulation are most frequently labeled as a "battery

" system" or "block system" wherein two to six (or more) heads are on the same
automatic valve (control station). "Battery” or "block" systems do not relate as
well to soil density, slope, shade, etc..as the VIH systems, and consequently do not
benefit as much from automation. In addition, the VIH pressure regulated head
can be manually eliminated from any station, and can be manually operated to-
provide supplemental water without affecting compamon heads on the same

' control statlom

A relatxvely new practxce using sprinkler heads is to require that the "hot- wire"
from the satellite to a station with multiple heads be wired all the way back to the
| base of the satellite. This affords the operator the ability to ‘alter the original
'l irrigation schedule by switching wires at the satellite to suit "discovered" wet
spots, dry spots, or of combining sprinklers that are better suited to the course
than the original ‘design may have provided. The ultimate design, one: with the
maximum control possible, would have one sprinkler head on each station of a
satellite. This would require a significant number of satelhtes but would oﬁ'er the

‘| most stringent water control.
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Chapter Six

Hydrology And Water Quantity Control

Summafy of Best Management Practices

When designing a stormwater control system for a golf course, the objectlves of
employing Best Management Practices should be:

) reducing peak rates and volumes of runoff,
. mlmmxzmg surface runoff;, and
) tmmrmzmg the potentxal for pesticide and femhzer washoﬁ‘

The following general practlces should be adopted in order to achxeve the above-stated
objectives: .

o For originally forested areas, the minimum possxble area should be cleared for course
construction. oo

e Areas devoted to tees, greens and faxrways should be minimized to the extent
compatible with the mtended ‘users (standard of play) of the course.

o Mature trees and deep rooted shrubs should be maintained or planted in the rough to -
the extent possxble

e The rough should be ptanted in relatively doep rooted drodght resistant grass species
and maintained to the maximum length consistent with the intended standard of play -
Maximum use of non-irrigated rough is strongly recommended.

« Minimum buffer and setback requirements for streams, swales, and wetlands should be
as mandated in the King County Sensitive Areas Ordmance

. Constructed drainage swales should be built within the rough and kept out of the‘
,faxrways to the extent possible.

) On till or bedrock soils, minimum soil depth to till or weathered bedrock should be one
foot. Where grading or clearing has reduced soil depths to less than one foot a sandy
~loam or equivalent permeable soil should be imported. _

. Apphcatxon of agnchermcals should be avoided during winter months (November |
through March) in areas susceptible to periodic flooding.
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6.0 Hydrology And Water Quantlty Control

6.1 lntroductlon

Conversion of forest lands or farmlands to golf courses may result in increased
stormwater runoff which, in the absence of appropriate nut:gatlon measures, could
lead to increases in downstream flooding and stream channel erosion. In addition,
if not managed properly, fertilizers, herbicides and other agricultural chemicals
used in golf course management may adversely impact both groundwater quality

- and water quality in downstream water courses and water bodies. The design of
appropriate measures to mitigate for these potential mpacts requires- a detailed

- analysis of the site's hydrology and an understandmg of the dommant hydrolog:c
processes. .

This section provides an overview of the regulatory requirements governing design
of a stormwater control facility, discusses techniques for determining runoff and
designing an effective control system, and outlines best management practices that
can be implemented to reduce the potential for stormwater runoff i impacts.

- 6.1 Reg_ulatoryRequirements

A variety of ordinances that specify measures recjuired_ to control increased runoff
associated with development are currently in place in King County. These include

the 1990 Surface Water Design Manual (updated in 1992), P-suffix conditions in |

Community Plans, administrative rules in critical dmnage basin designations and
policies in individual basin plans for specific areas in King County. While these
* ordinances are generally oriented toward residential or commercial development
use, they are equally applicable to golf course development.

Requirements for stormwater control in King County have evolved over the years.
- Under existing ordinances, stormwater control facilities are generally required to
control the. post-development 2- and 10-year peak runoff from a site to the pre-
development peak rates. However, a number of more stringent requirements have
. been xmposed in areas.requiring additional protection from flooding and stream
_channel erosion. Stormwater control is typically achieved through the construction
of infiltration and detention ponds. For the majority of projects, the County
currently requires that stormwater control facilities be designed using runoff data
as predicted by the Santa Barbara Urban Hydrograph (SBUH) version of the Soil
Conservation Service (SCS) method -with a 24-hour- design storm.” For projects
‘where a Master Drainage Plan (MDP) is required (as specified in the 1990 Surface
~ Water Design' Manual), the County has typically required runoff data to be
estimated using the U.S. Environmental Protection Agency‘s more sophxstxcated
HSPF model.
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Use of the SBUH Method with a 24-hour design storm to predict stormwater
runoff was mandated in the 1990 Surface Water Design Manual. Since adoption
of the Manual, it has been found that detention facilities designed using the SBUH
method may not meet their stated performance goals. Work is currently in
progress to develop a new technique for estimating stormwater runoff that would
provide design of control facilities with improved perfoxmance capabilities. Two
| possible approaches are currently being explored; modification of the ex:stmg
SBUH method, and development of a simplified version of the HSPF method using
‘what is referred to as a "runoff file" approach. While a decision has not been made
as to which method will ultimately be adopted, both methods are intended to
produce des:gns which better meet stated performance goals. Whichever
technique is adopted should ‘be used for designing stormwater control facilities for
| golf courses. It should be noted, however, that with either method (as well as with
other existing methods), the accuracy of runoff estimates for golf courses (and
hence the reliability of designs) is affected by the lack of basic data available to
determine model parameters, as discussed in more detail below.

| 6.2 Design of Quahtity Controls

The principal feature of concern for hydrologic assessment of a golf course is the
conversion of large areas of (typically) forest or farmland to intensively managed
grassland. Consequently, the uncertain hydrologic response of grasslands warrants
a greater level of attention than currently provided in the 1990 Design Manual.

Factors Affectmg Runoff

In simpli_stic terms, sizing of detention facilities depends principally on pre-

development peak flows (which form the basis for determining the required
performance of control measures), and the volume of runoff in post-development
hydrographs (which dictates the volume of storage requxred) The pnnmpal factors
aﬁ’ectmg runoff from a site are: ‘ :

« meteorological and climatic conditions,
o soils and surficial geology, and
"o land use or cover type

Meteorolog:cal Condmons

Mctcorologxcal conditions are reasonably well estabhshed throughout western
King County. Rainfall data published in the 1990 King County Surface Water
Design Manual and weather data published by the National Oceanic and
Atmosphenc Administration should be adequate for any analysis west of a line
running approximately north to south from between Duvall, North Bend ‘and
Enumclaw. Conditions in the more mountainous eastern portion of the County
_are highly variable, and special studies or analyses of precipitation data may be
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required for developments in this area. Particular consideration may need to be
given to snow accumulation and melt for sites more than about 1,500 feet above |
sea level. Above that elevation, rainfall runoff in major events may be augmented
by snowmelt :

Soils and Surficial Geology

A good general indication of the sod types and surficial geology on'a site can be
determined from soils mapping of King County performed by the SCS, or maps of
surficial geology published primarily by the U.S. Geological Survey or the
Washington State Department of Natural Resources. However, detailed site-.
specific mapping of soils and - surficial geology should be done by a qualified
geologist or geotechmcal engmeer prior to site selection or golf course design.

For convenience, four general soxl/surﬁcnal geology classlﬁcatmns can be
considered: .

o deep, hlghly permeable outwash soils (outwash soils - SCS Hydrologlc Soil
Gtoups AandB);, _

. ‘shallow surfacc soils ovetlyxng relatlvcly mlpcnneablc glacial till (till sods -
SCS. Hydrologlc Soil Group C); v _

. shallow surface soils overlying bedrock (bedrock soxls SCS‘_ _I-_Iydrologic Soil |

‘Groups B and C);

" o fine textured alluvxal soils in ﬂat valley bottoms with a seasonally high water
table (alluvial soils - SCs Hydrologlc Soil Gtoups C and D).

The majomy of soils subject to development in western King County are till soils.
For the purposes of this discussion, bedrock soils and till soils will be treated as
having the same hydrologic response and will be referred to collectively as till
soils. : ,

Mappmg of outwash soils should be examined thh care. In some sntuanons sonls
mapped as outwash are actually underlain at relatively shallow depth (perhaps as |
little as 5 foot) by relatively impermeable glacial till. In this situation, saturation of
the soil horizon can occur, especially in areas that are very flat or in which
subsurface flows converge. Areas of outwash soil subject to saturation because of
underlymg tills should be treated as till soils.

Land Use and Cover Types

The final principal factor aﬁ‘ecnng runoff &om a site is land use, and perhaps more
zmportantly from the pomt of view of desxgmng storm water control measures, the
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change in land use resulting from the golf course development. Because of the
| large areas and associated cost of land required for golf courses, this discussion
- | will assume conversion of forest lands or farmland to golf courses.

" Prediction of Rurjoff Rates

| As previously discussed, the techniques to be used for estimating pre- and post-
development runoff rates for developments in King County are mandated through

- | storm water control ordinances. Under current regulatxons, runoff rates are

| predicted using the SBUH method with a 24-hour design storm or via HSPF for

| large projects. However, as also pomted out above, the current implementation of

| the SBUH method appears to underestimate detention pond sizes required to meet

specific levels of control, and modifications to the’ SBUH method are being

mvest1gated

With planned modifications, it is the -County's intent that both HSPF and the
.| modified SBUH method will be able to. provide designs that meet stated
performance standards. Consequently, the following discussion will concentrate
on the selection of model parameter values (which govern the hydrologic response.
| predicted by the model) and incorporation of uncertamty in design. In either case,
availability of observed flow data and companson of these data with model
predictions are of ﬁmdamental importance.

: ._HSPF Model Pammeters

The hydrologic response of forest lands in King County has been documented

| relatively well over the last few years through monitoring efforts conducted by the
U.S. Geological Survey, King County and private developers (those required to

prepare Master Drainage Plans). Good quality streamflow data are available from

several sites. These data have been used to develop relatively reliable parameter -

| estimates for HSPF which'in turn provides the basis for making modxﬁcatnons to

: _'_the SBUH method.

Unfortunately, there are very few good quantitative data on the hydrologic
| response of various types. of grassland in- western Washington. - Research
conducted during preparation of this manual did not uncover any local runoff data
| from golf courses. Reliable estimates of the hydrologic response of grasslands can

be important both for ‘assessing pre-development runoff rates (for example in the
event of conversion of pasture land to golf course) and for determining post-
development runoff rates and volumes. ‘A limited amount of data have been
collected by the U.S. Geological Survey and King County from residential areas .
where runoff from lawns provides a significant - contribution to overall runoff
- | volumes. However, model parameters for this "urban" grassland would probably
| overestimate runoff: from a well managed and maintained golf course. HSPF
parameter sets for "urban" grassland should provide an upper bound on the post-
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development runoff rates and volumes from a golf course.

Recommended HSPF parameters by cover and soil type pertinent to golf course |
development are provided in Table 6-1. The "pasture” parameter set should be
used when the pre-development condition is farmland. The "golf course”
parameter set should provide a somewhat conservative estimate of post-
development runoff. This parameter set provides for lower. post-dcvclopment
runoff volumes than the "urban grass" parameters. Pond volumes computed using
these parameters should be increased by a safety factor of 20% (or other factor as
directed by King County) to account. for constructlon/mmntenance deﬁcxencles and

other uncertainties.

Model parameters provided in Table 6-1 only include till and outwash soils. No
generalized HSPF parameter estimates are available for fine textured alluvnal soils

at present
SCS Model Parameters

The existing model parameters for the SBUH modél contained in the King County |
Surface Water Design Manual generally do not appear appropriate for designing
detention facilities for golf courses. It is not clear, at the time of" writing, whether
potential modifications to the SBUH method will produce a model in which
currently pubhshed parameters are still appropriaste. One of the principal
difficulties in using the SBUH method is that it significantly overestimates pre-
‘development peak flow rates from pasture land. Because pre-development flow
rates determine target post-development “flow rates, overestimation of pre-
development peak flows result in target releases from detention facilities that are
too high. The overall result is that pond storage volumes are too small.

In conversion from forest to golf course, overestimation of pre-development peak
flows-may be compensated to a large extent by the model's overestimation of
" runoff from grassland under the current parameter set. However, there is unlikely |
to be similar compensation in conversion from pasture or. farmland to golf course.
In the abserfce of more definitive information, the parameter set given in Table 6-2 |
should be used. Pond volumes computed using these parameters should be
increased by a safety factor of 30% (or other factor as directed by King County).
Both parameter estimates and safety factors should be modified as appropriate as
_more information becomes available.

6.3 - Runoff Pathways

The pathways taken by stormwater runoff are important in dctenmmng the fate of ‘
water-borne fertilizers, pesticides and other agricultural chemicals. . Of particular
concern is the amount.of runoff that occurs as surface runoff versus subsurface
runoff (see Chapter 9). Rainfall rates in the Pacific Northwest are generally low

Golf Course BMP Manual ‘ ’ 6-5
January 1993 ‘




-so.c »__..uv 0 PAIBIS0SSE SJUNISUOD UOIEEINY «(€)

sadojs |[v ‘383003 §|03 ‘spos ysemIno :41DO
sadojs. |[v *2smsed ‘spos yssmno :JOr

$3dO[s |9 ‘39402 15210 ‘s[108 YsemIno 40
sadojs |[v ‘283003 Jjo8 ‘spios |M :3TOL

. sadojs | ‘samised ‘syios [ 1

sadoys |[w ‘18310] ‘s{ios |M 4L

suoyiutjap Juawdas pusy :(7)

831un ou sey Jalweied ‘posi] 10U 938 NIUN 219YM ‘Fwsu JpRWwesed mojaq pajutsd s suun (1)

(

1) IRy

siapuweled [9po ..Em: |

1-9 31981

620 |L0] 000 | szofoso]| 10 00 00 07 0 | 9660 | €0 1'0 . {0'00v| 00001 | 0'S | 4TD0
s¢0 jLo| 000 | szofoso] 10 00 0°0 07 0z | 9660 | €0 1’0 |o-oo¥|ooov:t| 0'S | - dO
0.0 |L0| 000 | SE0]OSsO| Z0 | 00 00 | 0 0T | 9660 | €0 1'0 |0°00v|0000°C| O'S J0.
$¢0 |s0] 009 jszofszo]| 10 |- 00 | 00 0? 0T | 9660 |- s0- | 1°0 |0°00¥|00KO0| S'¥ | JTOL
$¢0 |so| 009 | sco|szo| 10 00 00 |.0C 0C | 9660 | s0 | 10 |0o0orjo0o900| S¥ | dL
0.0 |s0] 009 | se0o]os0| zo 00 00 07 0z | 9660 |.s0 | 10 |ooor{oosoo| s | AL
© @ | _ “® | @ | ) | Gy | @) [wewsss)|
d13Z7)| ¥ |MJLNI|INSN |NSZN | 3SdFD | LIMOVIIdITa] A TAINI [dXTANI DY MOV AU VAN INSTS NS LTIINIT| NSZ1 | (Z) pusT




Chaptér Six

" compared with most other parts of the United States, and surficial infiltration rates
for drained soils under natural conditions generally far exceeds rainfall intensities.
However, subsurface conditions are often such that the potential may exist for
grassland to generate significant quantities of surface runoff because of saturation

of the soil horizon.

Table 6-2. SCS Model Parameters

Curve Numbers by
: Hydrologic Soil Group _ '
Land Use - A . B - C D
Forest - 2 @ 64 76 81
Farmlands (All T ypcs) - 55 72 - 81 ' 86
Golf Course 68 80 86 ' 90

As noted in Section 6.2, the following general soil groups will be considered:

o highly permeable outwash soils which contain a high pércentégebf sands and
+  gravels. :

o till or bedrock soils which are underlain at shallow depth by relatxvely
impermeable glacial till or bedrock.

. alluvml soils on the flood plains of river valleys which may have a lngh water
table during the winter months.

“For deep outwash soils (SCS Hydrologic Soil Groups A and B) there will
- generally be no surface or near surface runoff from golf courses except in heavily
trafficked areas where soil compaction results in locally reduced infiltration rates.

However, as noted earlier, careful mapping of outwash soils is needed to identify

underlying impermeable material that may result in saturation of the soil horizon
during the winter months. . _ .

Till and bcdrock soils are underlain at shallow dcpth‘by a relatively impermeable

. layer that severely restricts the downward movement of water. Stormwater
movement then occurs ecither as lateral sub-surface movement above the
impermeable material or as surface runoff when the soil horizon becomes
saturated.. Under forested conditions, available information indicates that little
surface runoff occurs even under extreme conditions. However, storm runoff
response is quite rapid and it is believed that relatively rapid near surface runoff
through root holes, burrows of small invertebrates and so forth (macropore flow)
is the dominant runoff producing mechanism in major storm events (Beven, 1992).
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-

A possible alternative mechanism for storm runoff generation is displacement of
"pre-event" water (see Chapter 7), in which lateral sub-surface flow velocities are
an order of magnitude lower than the macropore flow. :

In conversion of forest land to grass lands, the native surface soils are extensively
disturbed by cleanng and grading and most macropores are eliminated. Grading
may also result in a considerable reduction in the soil depths above the .
impermeable layer. After conversion, subsurface and near surface flow will
continue to occur from the golf course grasslands.. However, during severe events
surface runoff will be more prevalent than under forested conditions. Surface
runoff will generally occur locally toward the bottom of hill slopes, on concave hill
slopes and in swales (where subsurface flows are concentrated and the soil horizon
becomes saturated), and in areas with heavily compacted soils or with minimal soil
cover above .the till or bedrock layer. The proportion and spatial distribution of
surface runoff will depend on detailed topographic features. and soil depths a -
 discussion of which is beyond the current scope of this pubhcatxon _

An approximate and generalized estimate of the proportion of surface of near
| surface runoff from grassed areas was determined by computer modeling with
HSPF. According to the model results, approximately 10% of total runoff occurs .
as rapid response surface or near surface runoff. This percentage is more or less
independent of season, although summer runoff is, of course, only a small fraction
of total annual runoff. As pointed out previously, there are only very limited data

.| on the hydrologic response of grassed areas and this figure should only be used as

a general guide. The data on surface and near-surface flows represent both surface
runoff and rapid near-surface runoff through the root structure or thatch of the
turf. Flows of this type will have travel times on the order of minutes as against
travel times on the order of hours for subsurface flows.

Alluvial soils on the floodplains of the major river valleys in King County present a
final major category of soils subject to conversion from farmland to golf courses.
These soils are generally poorly drained with 4 high fines content and a seasonally
high water table. These soils may also be subject to periodic flooding. Although
the surface soils may be relatively permeable in a drained condition, the presence -
of a high water table and the susceptibility to flooding provides a much greater
potential for direct introduction or washoff of agricultural chemicals directly into
either the groundwater system or into surface waters.

6.4 Future Research Needs

' Section 6.2 of this manual introduces two possible approaches to
developing new techniques for designing water quantity control facilities
with improved performance capabilities. Development of either alternative
‘approach for golf courses is hampered by a lack of basic data from which
to determine model parameters. As a result, a conservative approach is
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recommended for hydrologic control of runoff from golf courses. Data on
the actual impact of forest.land or farmland conversion to golf course turf
on water runoff need to be collected to verify the accuracy of the
approaches and model parameters recommended.
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Chapter Seven

Geology and Groundwater

Summary of Best Management Practices

Establish a temporary erosion and sedimentation control plan (TESCP) de_Veloped by a

. licensed civil engineer.

Stage clearing and grading to minimize the amount of cleared areas so that denuded soils can
be revegetated within a maximum of 14 days following initial exposure. Denuded soils should
be surface roughened to reduce water velocity in moderate erosion hazard areas.

' AVOld all unnecessary clearing, and avoxd dxsturbmg slopes greater than 40 percent and over

20 feet in hexght

Maintain natural buﬁ‘ers around wetlands, lakes ponds and streams .

' Protect ‘soil stockpiles against erosion and establish silt fencing below all construction zones.

For moderate to high erosion hazard arees the following measures should be employed:

- a. Clearing and grading should be timed to occur during the dry season (May through

October).
b. All surface flow should be directed to a stabilized drainage way.

. Sediment traps should be established.

c _
d. -Graded terraces should occur every 20 feet in vertical herght or 50 feet in slope length,

whichever is less.

e. Erosion controls should be mspected by a qualified mspector weekly or nnmedxately after
more than 1.0 inches of rain in 24 hours.

For high erosion hazard areas, existing should be preserved to the maximum extent possible.

Soils supporting the interflow network: should be protected from compaction by machinery.

Areas with compacted interflow network soils should be loosened prior to turf placement.

Areas excessively compacted that cannot be loosened should have a minimum of 12 inches of
sandy loam or original topsoil placed atop the compacted zone. Areas with interflow network
soils mostly or completely removed should have a minimum of 18 inches of sandy loam or the
original topsoil placed under the turf.

Depth to groundwater should be established at each green and tee during the wet season. If
depth to groundwater is less than 25 feet, monitoring wells should be established on the
course. If the depth to groundwater is less than 4 feet and the soils are coarse-textured,
special provisions should be taken (see Section 7.3). If interflow is proposed for stormwater
treatment, the provisions in Section 7.4 should be followed.
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7.0 Geology and GroundWater \

Geologic concems related to golf course development include steep slopes,
landslide hazards and erosions hazards. In addition, geologic conditions, such as
slope, soil types and underlying parent material determine the potential for golf
course development. and management to affect the flow of nearby streams,
recharge to wetlands or quality of underlying groundwater resources. This section
discusses techniques for evaluating these geologic conditions and provides Best
- Management Practices for golf course design and operat:on to nutlgate possible
adverse effects.

‘Note: Constructxon—phase Temporary Erosion and Sedimentation Control
Planning ('I'ESCP) is not addressed in this Manual edition. S

7.1 Geologic Ma-pplng Requirements

Desigrn of a golf course must consider, among other things, the natural geologic
conditions of a site. In order to properly evaluate the geologic conditions,
sufficiently detaxled soils, surficial geology, and slope maps should be provxded

The ‘soils and surficial geology maps should be based on site specific subsurface
- explorations that are evaluated by a qualified geologist. The explorations may be
- ‘either backhoe pits or drill borings, but should be a minimum of 10 feet in depth,
-except when bedrock is encountered. The explorations should be of sufficient
number to adequately define the surficial soils and geology. A suggested
y explorahon plan would include one subsurface exploration on each proposed tee
‘and green location. In addition, a single subsurface exploration near the midpoint
of a par 3 fairway and two, approximately equal spaced exploranons on each par
4 and par 5 fairway, may be ‘necessary..

If the subsurface explorations indicate that any tees or greens are underlain by
coarse textured soils (SCS Hydrologic Soil Groups A and B), it will be necessary
to establish site specific depth to groundwater, or to establish that groundwater is
not within 25 feet of ground surface in these areas during the wet season. This
may require subsurface explorations a maximum of 25 feet in depth and the
establishment of monitoring wells to test for course management pesticides.
Nitrate from fertilizers can penetrate to any depth and must be addressed as a
separate concern. . Available water well logs should be acquired and reviewed to
aid in the determination of depth to groundwater. These maps may indicate that
local groundwater is too deep to be of concern; which would negate the need for
deeper explorations -and monitoring wells (see Section 7.3, Constructxon in
Shallow, Upper Aquer Areas dxscussnon) .
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A slope map should be prepared with the followmg delmeauons clearly outlined -
- and labeled.

a. 0 - 7 percent slope

b. 8 - 15 percent slope

c 16 - 40 percent slope

d Greater than 40 percent slope

7.2 Geologic Hazards

Geologic hazards that should be-identified during preliminary golf course design
include landslide and erosion hazard areas. Best Management Practices to mitigate
the risk associated with these areas during construction are discussed below.

Landslides

Landslides (ahd/or debris flows) are a common occurrence in King County. Most
| often these events are related to steep slopes, poor soils and adverse water
conditions. The adverse water conditions are often linked to groundwater but
may also be surface water related. Fill over steep slopes and setsrmc unpacts may
also affect slope stability.

Avoiding all disturbance of slopes grcatcr than 40 percent and over 20 feet in
height will reduce the risk of landslides from golf course development. Slope
disturbance ‘includes, but is not limited to, vegetation removal, grading and
uncontrolled stormwater discharge. In addition, any fill to be placed on greater
than 20 percent slopes must be properly keyed, benched and compacted.

The owner/developer must reéognize that some slopes. are inhérently unstable and
'| more severe mitigations may be required. Site specific recommcndatxons by the
geologxc consultant would be reqmred in these instances.

' Eroswn

Increased channel and sheet erosion have long been recognized as potential
byproducts of golf course development, especially during construction phases.
Modification of stream channels in response to changing land use practices within
King County has previously resulted in significant impacts to properties
~ | downstream and adjacent to the streams, as well as to fish habitat throughout the .
| stream's reach. Increased volumes of stream sediment transport and downstream
sedimentation has occurred at numerous locations, as evidenced by fine sediments
settling in bodies of standing or slow moving water, and coarse sediments plugging
culverts and blocking the course of stream corridors. Oversteepening of slopes
adjacent to streams has also occurred, which increases the landslide and debris
flow hazard, thereby providing additional sediment for downstream transport.
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Taken together, the cumulative effects of these impacts have the potential to
adversely impact downstream environments. :

In order to evaluate potential erosion impacts as a result of proposed golf course
development (and subsequently prowde rmtxgatlon), it is important to understand
where and how the sediment arrives at the receiving waters. The sediment begins |
to move by a process called gross erosion (Figure 7-1) whxch can be broken down
into sheet erosion and channel erosion.

Different soil types and geologic parent matenals can have widely differing

_ susceptibilities toward each separate erosive regime. As an example, Vashon till

develops. a soil horizon atop the unit that is commonly called the Alderwood Soil
Series. The soil is significantly less demnse than the geologic parent materal;

- however, it contains about the same percentage of fines (smaller than 0.08 |

millimeters) as the parent material. The soil material is susceptible to both sheet.

and channel erosion due to its lower density and high percentage of fines. | .

However, the geologic parent material is significantly less susceptible to either |
erosive regime for a given storm event, due to its high density and cohesive nature.
Therefore, the sheet erosion potential can be estimated by employing the Universal |
Soil Loss Equation (U.S.L.E.) with generally acceptable results except on slopes |

with steep gradients. - '

Conversely, the Vashon advance, or subglacial, outwash unit, develops a .soil
horizon termed the Indianola Soil Series. This soil is much less susceptible than
the Alderwood Soil Series to sheet erosion, primarily due to its high permeability, |
which ‘prevents the development of sheet flow during normal rainfall events. |
Howevet, both the soil and the parent material (mostly sand with scattered gravel) |
are . highly susceptible .to erosion under concentrated flow regimes (channel
erosion). For this reason, the volume of sediment available, as determined by the
U.S.L.E., may be overwhelmed by additional sediment available as a result. of gully
and stream channel erosipn, even on moderate. slopes. As such, prevention of | -
concentrated flow' regimes will be the best mitigation - of erosion when these

geologic conditions exist. . :

Eros_ion' is also a function of slope gradient. Therefpre,' during design of the golfv
course, erosion hazards should be identified as follows. '

* High erosion hazard - all slopes greater than 40 percent.
e Moderate to high erosion hazard - 16 to 40 percent slopes.

e Moderate erosion hazard - 8 to 15 percent slopes.
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Types of Groundwater Regimes

There are two separate groundwater regimes common in King County that may be
affected by golf course development and that provide the basis for Best
Management Practice guidelines. These regimes are identified as interflow and
aquifer- systems. A detailed - descnptlon of each follows.

lnterﬂow

| Interflow is defined as the zone of horizontal water movement thhm a soil that
has a higher hydraulic conductivity-than the geologic parent material, such as
Alderwood soils atop lodgement till (SCS Hydrologic Soil Group C). Interflow is.
always found at shallow depths (1 - 5 feet), may be substanitial in quantity and may,
in some basins, contnbute &gmﬁcantly to total stream flow and/or wetland
recharge. - : :

The overall mechanism of interflow is not well understood. - Some research -
studying interflow atop- till -soil suggests that water moves at a fairly rapid rate

(hydraulic conductivities on the order of 280 feet/day and average velocities of 130 -
| to 140 feet/day on 10% slopes) aided by macropores found within the soil. Other
research, utilizing oxygen 1sotopes indicates that water entering streams and
wetlands from the interflow regime is dominated by pre-event water which was
‘already stored within the soil layer (Rodhe, 1988). This research suggests that the.
‘actual rate of water movement within the soils is much lower with hydraulic
| conductivities on the order of 28 feet/day and average vélocities of 15 feet/day on
| 10% slopes. Recent laboratory modeling suggests. that the higher reported
conductivities (macropore study) represent a pressure pulse of pre-existing, stored
water through the soil. This modeling also reported hydraulic conductivities in
close agreement with the oxygen isotope study. Therefore, it appears that the
.| oxygen isotope study (pre-event theory) represents actual in-situ conditions. See

Appendix F for a more detailed discussion of pre-event theory.

Continued research on interflow is recommended. Best Management Practices for
construction in areas which contain an interflow network are provided below.

Aquifers

The second common groundwater regime forms below the interflow zone, and is
referred to as an aquifer. An aquifer is defined as a zone of water saturation within
a geologic stratum in which the water can be withdrawn for human use.

When the geologic parent material has a hydraulic conductivity equal to or greater
| than the soils that form atop the parent material, such as Everett soils above highly

permeable outwash sediments, surface water is able to rapidly infiltrate through an
unsaturated zone to recharge the underlying aquifer system. When this occurs
with no intervening impermeable stratum (aquitard), and the aquifer is within 25
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feet of the proposed ground surface, migration of some soluble pesticides and
fertilizers could reach the aquer_ This is dxscussed in the section, Constructton in

Shallow Aquifer Areas, below.
Construction .in interflow Areas

If golf course construction will occur in areas that have an interflow network
(generally in areas underlain by SCS Hydrologxc Soil Groups C and D, but can be .
Soil Group B if the parent material is bedrock), the following Best Management
Practices gmdelmes should be unplemented

e The soils that support the interflow network should. be protected from
compactxon by machinery. This would include avoiding, or minimizing, traffic
in these areas. In lieu of rubber tired equipment, tracked equipment should be
utilized to reduce beanng pressure on the soil during clearing and gradmg
operanons

® Areas where the mterﬂow network soils have been excessively compacted
should be loosened prior to turf placement. This could be accomplished by
ripping or excavating and replacing the soil using wide tracked equipment.
Regardless of the methodology, the loosening effect must extend for the full
depth of the compacted soil. '

"o Areas that have been excesswely compacted and cannot be effectively loosened -
should have a minimum of twelve (12) inches of sandy loam, or original topsoil |
material, placed atop the compacted zone to increase interflow capability of the

‘ soils.

o In areas where the interflow network soils have been mostly, or completely
removed, a minimum of eightéen (18) inches of sandy loam, or the original
topsoil, must be placed below turf level.

Construction in Shallow Aquifer Areas

If golf course construction will occur in areas underlain by a shallow aquifer
.(generally in areas containing SCS Hydrologic Soils Groups A and B), the
following Best Management Practices guidelines should be implemented.

‘» Depth to groundwater must be established_at'each green and tee. These data
may be available based on local water well logs. . If not available, depth to
groundwater must be established based on site specific subsurface information.

o If depth to groundwater is less than 25 feet, monitoring wells shall be
established immediately downgradient on selected tees and greens deemed
most susceptlble by the project hydrogeologist. If the tees or greens are to be
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-

constructed with an impermeable liner and drainage treatment controls,
monitoring wells will not be required. _

o A sampling plan should then be determined by the hydrogeolognst and
submitted to King County for approval. Once the sampling plan is approved,
samples shall be obtained and submitted to a King County approved analytical
laboratory for purposes of establishing the base line groundwater quality. All

- findings shall be reported to King County within one week of receipt.

¢ A long term groundwater monitoring. plan/system shoulo be established and
submitted to King County for approval. ‘Once approved, the monitoring plan
- will be- bmdnng on the owner/developer and all subsequent owners.

e The groundwater monitoring plan  (see Section '9.5) and system should, at a
-minimum, provide the followmg components

1) A system tailored to fit site specific condxtions and circumstances. The
system should include, but not be limited to, the use of monitoring wels,
‘lysimeters and vadose zone monitoring technologies. If monitoring wells
are used, they should be completed accordmg to Department of Ecology
gmdehnes o

2) A routine groundwater sampling/testing schedule of at least once every six

~ (6) months. The sampling/testing schedule should be more frequent in the

-event that the test results indicate a need for more frequent sampling, i.e.
clevated levels of contaminants are encountered.

e If any portion of a fairway, green or tee is located on coarse-textured soils
(SCS Hydrologic Soil Groups A and B), and the groundwater table is 4 feet or
less in depth, then one or.more of the following steps should be implemented.
1) Avoid the area with irrigated development; N

2) Convert the area to a low maintenance use (rough);

3) 'Replant the area w1th a grass vancty reqmnng minimal fertxhzers pestxctdes
and irrigation; _

4) Fill the area with material that will increase the silt/clay and/or orgamc
content in order to reduce soil permeability to less than 104 cm/sec and
increase the depth to groundwater; or

5) Fit the area with an underdrain system' to collect leachate, which can then
be treated through application to suitable soils or a sand-peat filter.

Golf Course BMP Manual , -7-10
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7.4 Stormwater Treatment by Infiltration

A number of effective practices have been developed for treating stormwater
runoff from impervious surfaces. The three most effective techniques are the use
of ponds (either extended detention or wet ponds), filtration and infiltration. Of
these, infiltration is becoming the preferred stormwater management practice due
to its ability to effectively treat runoff, control stream bank erosion, and recharge
underlying aquifers. However, infiltration is not practical in: all situations. The
feasibility of using infiltration depends on the nature of the underlying
hydrogeologic environment and should be determined by a qualified geologist. See
Section 9.1 for a detailed discussion of stormwater quality treatment options.

Inﬁltratxon can only be allowed when the followmg conditions are met.

* The depth to the seasonally high water table, or an lmpermeable sediment layer
or bedrock (aquitard), must be a xmmmum of 3 feet below the bottom of the
mﬁltratlon device. -

e The upper 3 feet of soil must have a permeabxhty between 0 50 inches/hour and
2.4 inches/hour. :

In addition to the above soil constraints, the followmg gmdelmes must be followed
for sites unhzmg infiltration.

o The infiltration devnce must be a2 minimum of 100 feet downgradxent of septxc
- .systems and water supply wells.

* The infiltration device must be a minimum of 20 feet downgradxent and 100
feet upgradxent of bmldmg foundations.

o Inﬁltratwn devxqes may not be placed on slopes steeper than 15 percent and
should be a minimum of 150 feet from the top of 40 percent slopes.

e Inflow to infiltration devices should pass through a grass lined swale to
minimize the suspenided solid load. Roof drains may flow directly into
infiltration devxces : .

e A maintenance schedule should be developed and closely followed.
Ifa site is not suitable for conventional infiltration practices, then a wet pond/sahd

filter combination should be used. King County guidelines should be employed
when designing a wet pond/sand filter for treatment of stormwater runoff.
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7.5 Future Research Needs

Two current theories can be used to explain the mechanism for wetland and stream
recharge from the interflow zone atop lodgment till. These may be named the
'macropore’ and 'pre-event water’ theories. Macropore theory suggests that water
transport in the interflow zone is significantly enhanced by the occurrence of voids

'such as root tubes and animal burrows. As a result, high apparent hydraulic -
conductivities and high groundwater velocities are interpreted. . Pre-event water
theory suggest that the majority of stream and wetland recharge is from pre-event
water or water that has been'in storage prior to the current event. Hydraulic
conductivities and velocities are generally at least an order of magnitude lower.

Most work on runoff generation mechanisms in the Pacific Northwest has been
conducted on forested catchments. No comparable work has been done for runoff
from grasslands. Consequently, the relative importance of macropore flow versus

' preoevent water (or some other mechanism) in generating storm runoff from golf
courses is unknown. Basic research is needed to establish what runoﬁ' mechanisms
are important from grasslands and under what condmons

Although both macropore and pre-event theories can explain the relatively fast
response observed in stream dischargé hydrographs to large storm events, they .
have widely different implications for i impacts to water quality entering. streams and
wetlands. If macropore theory is correct, then the water entering streams and
-| wetlands during and immediately after the storm event has been in the ground only
one day, and attenuation of soluble fertilizers or pesticides would be limited.
However, if pre-event theory is correct, water entering streams and wetlands
during a storm event is dominated by water that has been in the subsurface for a
| week to several weeks. Significant attenuation of pollutants would be achieved
prior to discharge to surface waters. Both theories have been used in the pesticide
selection process described in Section 9.3 of this manual (macropore being the 280
feet/day conductivity and pre-event being the 28 feet/day conductivity, and the
difference in chemical selection recommendations is s:gmﬁcant

One of the most important BMPs for golf course design may be retaining a depth
to till that will keep interflow, rather than surface runoff, the main water transport
mechanism. If the macropore theory is correct, the value of this technique as a
BMP relative to agrichemical transport is lessened considerably. If the pre-event
theory is correct, the value of depth to txll as a BMP criterion for course design
cannot be overstated

Additional research should be conducted to evaluate the merits of these theories.
The research should include analysis of laboratory models and field monitoring of
controlled test plots. Studies should be directed by a hydrogeologist familiar with
groundwater flow theory and equations.
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Chapter Eight

Water Quality and Management Chemical Selection

Summary of Best Management Practices

Define the purpose and goals of the golf course, and the expectanons for
course quality.

Staff the golf course with environmentally responsible, educated people.

Implement an environmentally conscious perspectlve during all mmntenance

- activities.

Utilize appropriate turfgrass types and coordmate appropnate cultural
pract:ces

Use pesticides and other hazardous materials in accordance with an Integrated
Pest Management Plan. ‘ :

Prepare a contmgency plan to deal with pestxcnde or hazardous material

~ emer; gencxes

Coordinate best managenient practices, such as integrated pest management, -
centrally-control irrigation, and objective fertilization.

Keep accurate records.
Maintain continuing education for supervisory staff.
Design the maintenance/operations yard in conformance with all OSHA and

Washington State Department of Ecology techmcal manual requirements for
storage and use of hazardous matcnals '

Golf Course BMP Manual
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8.0 Turfgrass Maintenance And Operations

In terms of turfgrass maintenance, BMPs may be defined as a direction or focus of
management intended to reduce overall environmental deterioration, especially
with- reference to water quality. Central to the concept are continuing education
- and. technical research aimed at better understanding of interactions between
maintenance practices and the environment. Key to successfully implementing the
concept in the real world is the attitude of the management staﬁ' towards
performmg BMP related ﬁmctlons .

This section is intended to oﬁ'er both appllcants and reviewers a ﬁ'amework ﬁ'om
which to better understand some of what is involved in modem turfgrass
- maintenance, and enable both parties to prepare or evaluate golf course plans
incorporating up to date BMP procedures for environmental protection. This
manual does not purport to supplant or replace course superintendent educanon or
experience. It describes specific management areas to be considered, describes
~ certain accepted cultural practices, discusses key management personnel and also

_discusses issues related to modern management facilities, all with reference to
environmental protection. It is not intended as a specific golf course management
plan for applicants, as management plans must be highly specific to each project.
Management plans must also be dynamic in nature, having the mherent flexibility
to evolve thh the needs of the course.

Part of the overall golf course management plan may be an mtegrated pest |
management (IPM) plan. ‘This chapter provides an example of the elements |-
necessary to define an effective IPM that includes turf grass maintenance and golf
- course operations (see Table 8-4 at the end of this chapter). This IPM outline
should be used as a guide for planning golf operations and maintenance. An IPM
decision analysis flowchart is provided in Figure 8-1.

8.1 Course Management and Staffing

Golf course management can be defined as the range of activities by which a golf
course is governed or controlled. The responsibility to make appropriate,
_informed decisions relative to most maintenance considerations rests with the golf
course superintendent. Hence, the superintendent must.be well educated in
turfgrass maintenance, and should be able to- document this education and related
experience. He or she should also possess the appropriate pesticide -applicators
license. - The superintendent should be computer literate, have the ability to

~ communicate effectively both verbally and in writing, have a great deal of prior
turfgrass maintenance experience and a credible work history and must keep
informed on new trends in the industry.. In order to successfully unplement a BMP
philosophy, the superintendent must also be. environmentally conscious. A
certification program for superintendents is offered through the Golf Course
Superintendents’ Association of America. The program requires continuing
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education of superintendents. (Note: Courses on turfgrass management are
‘taught at local colleges and universities.) '

The dunes and responsibilities of the supenntendent usually mclude assunnng
_ responsxbxlny for the entire golf course maintenance operation. This can include

maintaining the turfgrass and oramental plants setting the course up for play,
producing the maintenance budget, managing employees, managmg and
‘maintaining turf maintenance equipment, and implementing special projects. The
superintendent is also charged with purchasing and safely applying or storing
pesticides and fertilizers, and. regulating course related water use. Thus, the
superintendent is often responsible for maintaining the integrity of both the local
and adjacent environments, and protecting the safety of employees, patrons and
neighbors. A philosophy attuned to BMPs is essential to living up to. those
responsxbxhtnes .

Other key personnel positions support the supenntendent. The superintendent's
working assistant is usually charged with running the maintenance crew on a day
to day basis. He or she may also be charged with perfonmng many of the
superintendent's functions, but responsibility always rests with the superintendent.
 Thus, the assistant should possess the same quahﬁcatxons as the supenntendent,

but thh more lumted experience.

Another key posmon is the mechanic. The mechanic is typically Charged' with
maintaining the turf management equipment. Hé or she must be well versed in

N appropriate areas and must also keep current on industry trends. The mechanic

may also be charged with maintaining the shop complex. This often means
maintaining the fuel depot, the eqmpment wash bay, the storage of hazardous
. waste such as oil and coolant, maintaining appropriate regulatory required policies,
record keeping, and performing other important duties.

| Other key positions include the irrigation technician and the pesticide apphcator '
The irrigation technician is charged with mmntammg the irrigation system and
regulating its use on a daily basis. He or she is often responsible for regulating
course water use and should be experienced in system installation, design, control
and auditing. The pesticide applicator is typically responsible for the handling,
mixing, and subsequent application of all pesticides, and should possess a pesticide
applicators license from the State of Washington. _

Finally, the equipment operators, laborers, and other crew members must also
accept responsibility for protecting the environment. Often times they are the ones
actually fueling equipment, washing equipment, applying fertilizers, and makmg
-some management decisions. The superintendent should make every eﬁ'ort to .
obtain intelligent, thoughtful people for these positions.
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In_summary, all people working on the golf course must understand and accept
‘responsibility for environmental protection in some fashion. Unless there is a total
commitment towards that end there may be some elements of risk that cannot be |
overcome. The people maintaining the-golf course, and most importantly their
collective attitudes, are probably the single most important determinant in |
protecting the environment from the effects of maintaining high quality turfgrass.

8.2 Course Operatlons and Malntenance Yard

Note: Recommendations in this section are general and not exhaustive. Both the
King County Surface Water Design Manual and the Washington Department of |
Ecology Stormwater Management Manual should be reviewed for source control

BMPs

The maintenance area is the central location at which equipment is stored and
serviced, fertilizers and pesticides are stored and mixed, fuel is stored; and where
employees and managers congregate. Provisions of the Ecology Technical Manual
for storage and use of hazardous materials should be employed throughout the |
course operations yard. 'I'hese BMPs are not thoroughly covered in this brief |

re\new sectlon

"The typxcal size of a maintenance yard at an 18 hole facal:ty is 1.5 to 2.5 acres.
Larger course developments may require greater area or satellite facilities. The
maintenance building itself is typically 10,000 to 12,000 square feet, with 7,500 to
10,000 square feet devoted to equxpment storage. There can be many variations
on the building. conﬁguratxon c

Pestlclde Storage

The pesticide storage facxhty should be a separate structure (about 200 to 500
square feet) with containment and recovery facilities. Commercial containment -
flooring and recovery systems are available to prevent pesticides spilled within the
- storage building from escaping to the outside environment. The pesticide storage
room should not have a floor drain. Pesticide spill response kits should be located |
in the building. The operator should also design and unplement a spill contingency
plan. Appropriate employees should be well versed in the plan. Personal
protective eqmpment should not be stored in the same room as pesticides, but may |
be stored in the same structure. Rules regarding secondary containment |
. requirements for facilities. where pesticides are stored in bulk quantities are
currently being reviewed, and may be in effect in 1993.

The storage building should be located away from employee work areas, and
should have limited access. If highly toxic pesticides are stored within the
building, exterior posting of the structure is required. The building should contain |
adequate ventilation and stable storage shelving. It should also be adequately lit,
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free from clutter, and as fireproof as is technically possible. Fire extinguishers
should be kept close by. The local fire department should be notified as to the
types of hazardous materials kept in inventory. Keepnng up to date inventory
records is required by law in most places »

To prevent cross-contamination in the event of an unattended leak, liquids should
never be stored above dry, bagged materials. It is also a good idea to separate
insecticides, herbicides, fungicides, etc. within the storage area. Highly toxic -
pesticides must be locked in a secure storage room when unattended, although it is
good practice to keep-all unattended pcsncxdes in a locked area.

»Pesticide Mixing

The area used for mixing pesticides should not be used for any other activities. It
should be located close to the storage building, and should be roofed, if possible.
| Spill response kits should bs required adjacent to the mixing area. =This area

- | should have hmxted access and should be situated well away from general work_ '
areas. - S

The mixing area should have pesticide containment and recovery capabilities.
'Rules that would require containment provisions at mixing/loading areas are
currently being reviewed, and could be in effect in 1993, Applicable requirements
would depend on the amount of pesticide active mgredlents mixed at a permanent
facthty during a calendar year

Spilled pesticides do not always have to be. disposed of off-site. If the pesticide

can be recovered in a usable form (most likely possible if the pesticide is granular),

the pesticide should be used according to the instructions on the label. This may

.| drastically reduce the accumulation of dangerous wastes that require proper off- -

site disposal, which is. cxpcnsxvc hxghly rcgulated, and may present future
“liabilities.

Fert_ilizor Storage

The fertilizer storage area should be well ventilated and dry. It should be away
from general work areas, have limited access and be fireproof, if possible. A
running inventory of stored fertilizers should be maintained. The proposed
containment rules discussed under Pesticide Storage and Mixing, above, would
also require secondary containment for fertilizers when the amount stored exceeds
a designated threshold. ’ _

Equipment Wash Bay

| An area for cleaning equipment (about 400 to 500 square feet) should be
designated and properly equipped. Cleaning of equipment can potentially release
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~ oil and/or ‘grease into- drainage water. .Recycling stations that remove these
contaminants from water are commercxally available, and could be mstalled in the
wash bay. .

~ Equipment Storage and Maintonance

A specxﬁc area (about 10,000 square feet total) should be desxgnated for
equipment storage and maintenance. =The equipment storage area and the
mechanic’s- shop should be configured to prevent the accidental release of oil,
grease, hydraulic fluid, gasoline, or coolant directly from the equipment. Drainage
should be controlled and directed to a vault for off-site disposal. Oil changing and
changing of brake: fluids, battery fluids, coolants and other wastes should occur |
inside a maintenance garage. Recycling of all poss:ble materials should occur.

- Spill cleanup matenals must be on hand. , ,

| _ Fuel Depot

A spec:ﬁc area should be desngnated for dxspensmg fuels. Modern facilities have

been moving away from underground storage tanks, and are using above-ground
fuel containment. All fueling must occur under a roof and be protected from
precipitation. Fueling areas must be paved with Portland cement and should be
designed so that stormwater will not flow onto the fueling pad. Fire extinguishers
and spill cleanup materials should be readily available at the fueling site. Drainage
- should be controlled and directed to a vault for off-site dnsposal orto.a process
treatment system

‘Hazardous Waste Storage
An area with limited access should be designated for the storage of hazardous
~ wastes ‘(such as used oil, used coolant, and old batteries). Self-contained

hazardous waste bins are commercially available. Dramage should be controlled
and dxrccted to a vault for off-site disposal. '

Compostlng Area

A large volume of compostable solid waste (such as grass chppmgs) is typncally

- generated on a golf course. The maintenance facility should be equipped to deal |

with this waste. This could be accomplished by establishing a composting facility
near the yard. This would allow clippings and other debris to be recycled without
contributing to landfill problems. The composting facility should be downwind
from residential areas, lined to prevent leaching, and covered to prevent inundation |
from rain. S
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8.3 Integrated Pest Management and Related BMPs
befinition of the Integrated Pest Management Strategy |

Integrated Pest- Management (IPM) involves limiting pest populations to

sufficiently low thresholds to avoid economic damage to course operations by

using combined and balanced strategies of biological, cultural, genetic, chemical

and other control technologies.” Establishment of control area boundaries, pest

| tolerance thresholds and use of pest population prediction tools are critical to the
overall IPM strategy (see Figure 8-1). 4

IPM does not advocate eradication of pest populations. Integrated pest
management favors suppression of the pest to the level that damage caused by the
pest is acceptable in both an economic -and aesthetic sense. The IPM concept
favors and emphamzcs natural pest manipulation but does not exclude chemical
manipulation. It is a concept thaf utilizes integrated cultural, biological, and
chemical pest control strategies. IPM seeks to help avoid adverse environmental
| impacts and injuries to non-target entitics which may arise from traditional
| chemical pest eradxcatxon procedures » .

' Although IPM ‘systems need to be flexible and broad, a generalized approach can
be described by the followmg steps (Washmgton State University 1991):

1. Identification of posts, mcludmg methods to- obtam dxagnosxs mcxdence and
loss mformatxon .

2. Definition of the'managcmcnt.unit.

3. Development of an optimum pest management strategy coordinating multtple
and rwpondmg to varymg season and weather conditions. =

4. Development of reliable pest -momtonng techniques.

| 5. Determination of pest damage or injury tolerance thresholds and estabhshmg
' pest levels to damage levels

6. DevelOpment or identification of descriptive or predictive models for timing
~ pest, timing pesticide apphcatxons, identifying lcnowledge gaps and strateglzmg
- control. .

The main objectives. of an IPM strategy are to: (1) utilize effective monitoring to
enable more intelligent control of pest populations; (2) minimize or more logically
allocate pesticide use while optimizing pesticide efficacy; and (3) improve turf
grass quality and lower operating costs.
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Chapter Eight

During the fall of 1990, Beak Consultants, Inc. conducted a golf course survey to
determine working golf course management practices in the Puget Sound Region
| (survey summary and results are listed in Appendix C). These results may be
uséful to development of IPM plans by developers of new courses.

Turfgrass I‘PM Planning

The following is a recommended approach to developing a turfgrass IPM plan.

-

Delineating the Managemén_t Area

| Ten specific turfgrass management  areas exist (Table 8-1). Selecting the
appropriate genetic variety and type of plant materials for each area is of the
utmost importance. ,

Inmal Infonnation Gathenng

Background mformatxon should be compiled on potentxal pests and non-target
entities. Such information would include identification of species, documenting life
| cycles, finding appropriate cultural and biological controls, ‘finding apphcable
chemical controls, documenting prior pest pressure histories, documenting prior
records of successful and unsuccessful pest control, and obtaining any other
applicable information which contributes to the knowledge base. This -also
includes gathering background information on each particular management area,
| such as soil type, plant type and projected cultural practices. Good sources of _
| information are area course superintendents and the Washington State University
Cooperative Extension Service (see Section 10.3 for a publication list).

Monitoﬂn’g Pests and Non-Target Entities

Monitoring includes making frequent observations on which organisms are present
| within the management area, to what extent they are present, where they are, and
how active they are in that area. The populations and activities of pests versus
non-target species, as well as of pests versus control entities (i.e., predators) can
have a significant impact on IPM plan unplementatxom

Monitoring and plant disease detection is easier with the use of ELISA diagnostic
kits and pest prediction models, but such kits and models are not critical to IPM
implementation. To date, verified test kits and models are not available for turf .
pests or diseases typical in the Pacific Northwest. ELISA is an acronym for

enzyme linked immunoassays. It is the same techn_ology that brought home
pregnancy kits in the marketplace. An antibody specific to the plant disease is
created using serology. When those antibodies (found in the plant sample) are
released they trigger an indicator, such as a dye. When the indicator turns color,
there is evidence of the presence of specific plant pathogens.

Golf Course BMP Maral — 3
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Table 8-1. Designation of Turfgrass Management Areas and Turfgrass

Management Area
Green Surface

Collar
Green Surround

_ Approachi

Tee Sixrface

Tee Surround

Fairway
“Rough
Amenity Turf

Ormamental Lawﬁ

Types on a Typical Cool Season Golf Course

Appropriate Turfgrass Types*

~ Creeping Bentgrass ('Pfovidénce Putter, Penncross,
Pennlinks, SR-1020, Cobra Vanenes)
" Creeping Bentgrass

Turftype Perennial Ryegrass/Creepmg Red F escue
Mixture

Turftype Perennial Ryegrass/Creeping Red
Fescue/Colonial Bentgrass or Creeping Bentgrass
Turftype Perennial Ryegrass or Creeping Bentgrass

* or mixtures of Perennial Ryegrass and Creeping

Bentgrass
Turftype Perennial Ryegrass, Creepmg Bentgrass or
Creeping Red Fescue Mixtures: 1
Turftype Perennial Ryegrass/Colonial
Bentgrass/Creeping Red Fescue/Hard Fescue or
Kentucky Bluegrass mixtures

Creeping Red Fescue, Chewings Fescue, Hard

Fescue, Colonial Bentgrass and Turftype Perennial -
Ryegrass -

Creeping Red Fescue, Chewings Fescue, ‘Hard
Fescue, Colonial Bentgrass and Turftype Perennial
Ryegrass '
Improved Turftype Perenmal Ryegrass and Red
Creeping Fescue or Colonial Bentgrass

Note: The relative level of cultural intensity and the relative level of pesticide
input for these areas in general is detailed in Table 8-2, below.

* From R.L. Goss, S.E. Brauen, W.J. Johnston, T.W. Cook, and R.D. Ensign.
Turfgrass Seeding Recommendations for the Pacific Northwest. PNW 299.
Washington State University Cooperative Extension, Pullman, WA. .
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Chapter Eight

Establishing Economic Damage Thresholds

Management areas will have differing levels of acceptable pest damage. For
example, greens are expected to support turfgrass of higher quality than rough
areas. For that reason, damage from pest pressure becomes unacceptable at much
lower levels. Setting of economic damage thresholds for specific areas will be
somewhat subjective and determmed by the course supenntendent v

| Estaphshmg Action Levels

A correlation should be established between the pest population level, _along with
other variables such as weather or.cultural practices, and the degree of injury
deemed unacceptable from that pest. This procedure often takes a long time.
- Action levels have been poorly ‘established for many turfgrass pests; more precise
models for prediction of turf diseases are under development (Vargas et al. 1989).
Most turfgrass diseases are a function of environmental conditions when the host
- species and the pathogen are both present. Mathematical models can be used to
predict disease occurrence based on some combination of air temperature, soil
temperature, soil moisture, leaf wetness and relatxve humidity. All models require
calibration to local conditions via correlatlon to disease outbreaks. Models for
Pythium blight (a fungus), anthracnose (a fungus) and annual bluegrass seedhead
. emergence have all been developed (Vargas et al. 1989). Before use, verification
of the applicability of such models to conditions on a specific course must be
established. . Use of these models can avoid prophylacuc treatment for diseases
known to be inconsistent in appearance. The anthracnose model is rcported to
have a 95 percent accuracy rate in predicting outbreaks over six years of field
testing (Vargas et al., 1989); however, this has not been demonstrated for the
regional chmate of thc Pacific Northwest.

Establishing Effective Treatments

Not every pest will be suppressed using biological or cultural treatments, One of
the most important parts of this phase involves targeting which pests can be
suppressed effectively with biological, cultural, or chemical treatments, and those
which cannot. Also very important is knowing which beneficial entities are
impacted by treatments, and to what degree.. Generally speaking, the ideal
direction behind implementing effective treatment strategies involves mixing tactics
which are most effective against the target, least disruptive to non-targets and
produce the least impact to the environment. :

Biological management of sod-bome diseases has been reported through the use of
applied microbes. The two mechanisms of control are competition by the applied
microbes for nutrients required by the pathogen and the production of beneficial |
substances antagonistic to the germination or growth of pathogens (Vargas et al. |’
1989). Biological control can occur by either adding the beneficial microbial |
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-population or altering the thatch or soil to promote their natural growth. As an
example, for necrotic ring spot disease, caused by Leptosphaeria korrae, a product
named Soil Aid (Agro-Chem Corporation of Franklin - Park, Illmoxs) is an
enzymatic wetting agent designed to flush thatch and soil of substances inhibiting

. high microbial activity.- That treatment is followed by treatment with products

| such as Green Magic, Strengthen or Renew which contain nutrients and plant and

.| microorganism extractions shown to reduce the growth of L. korrae (Vargas et al.

1989).  Alternatively, Lawn Restore is a product (Ringer Corporation,
Minneapolis, Minnesota) compnsed of bone meal, feather meal, soybm meal and
other proteins supplemented with Actinomycete fungi and bacteria in the genus
Bacillus. These microorganisms have been shown to produce substances inhibitory
to L. korrae (Vargas et al. 1989). To be effective, either of these strategies must
be apphed on a regular basis, either monthly or bi-monthly, throughout the -
growing season. As a second example of biological control, Poa ammua,

| considered a weed in turfgrass stands, has been only poorly controlled with pre-

| emergent (for the annual variety) or post-emergent (for the perennial variety)

herbicides. In addition, the post-emergent arsenical herbicides are highly toxic. 'As

an alternative treatment, the bacterium Xanthomonas campestris- has been shown

in the laboratory to interfere with uptake of water and nutrients by P. annua and is

| also very specific to that species alone. Course supervisors should stay informed

‘of these and similar alternative strategies and determme their effectiveness and
applicability for King County courses.

B Evaluatmg Tneatment Eff'cacy

Evaluation of treatment efficacy in impacting the target and bypassing non-targets
| must feed information back into the dynamic IPM process (see Figure 8-1).:

Record Keepmg

: Record keepmg .is one of the smgle most important phases in IPM While

-important for the site manager, it is probably more important for the site manager’s
successor. If a new site manager has to repeat the entire IPM development
process, its purpose is wscnnally defeated. ‘

| Turfgrass Pesticides

Pesticides can be defined as synthetic or naturally occurring substances which are
used to suppress or eradicate pests. Their use should be considered as indicated in
the IPM decision analysis flowchart (see Figure 8-1). There are several types of
pesticides appropriate for use on turfgrass, usually specific to the category of pest
to be controlled. There are also several guidelines appropriate for using pesticides
(see Appendix E). Environmental concerns should be addressed as indicated in
Chapter 9. All local, state and federal guidelines and/or regulations pertaining to
pesticides must be followed. Prior to using any pesticide, read the label. Pesticide
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distribution, storage and use is regulated by the Washington State Department of
Agriculture. Golf course superintendents should be familiar with RCW 15.58, the
Pesticide Control Act: RCW 17.21, the Pesticide Application Act; and WAC 16-
288, Roles Relating to General Pesticide Use.

Table 8-3. Major Nitrogen Carriers Available for Use in Turfgfasé
_ Management Schemes ‘
(Blends and specific formulations are available to suit specific needs.) )

Temperature

: - Release  Release Water
* Carrier ‘ © Class* . - Analysis** Rate  Dependence. Solubility
Ammonium Nitrate: Inorganic 31-0-0 Quick  Low High
- Ammonium Sulfate Inorganic 21-0-0  Quick Low - High
‘Calcium Nitrate Inorganic 15-0-0  Quick Low ~ High
Urea - Organic  46-0-0 Quick  Low High
Ureaformaldehyde ‘Organic  38-0-0 Medium High . Medium
IBDU - Organic. 31-0-0 Medium  Medium Medium
Methylane Urea " Organic  40-0-0 Medium  High Medium

Sulfur-coated Urea Coated  32-0-0 Medium . Medmm - Low
Resin-coated Urea Coated 20-0-0 Medium High ° Low
Resin-coated : _ . 4 o
Ammonium Sulfate - Coated  20-0-0  Medium High Low

_ Sewage Sludge ~~ Natural 624  Slow High Low
Protein Waste Natural 10344 Slow - High - Low

* Carrier classes techmcally are synthetic-inorganic, symhetlc-orgamc synthetic-
organic coated, and natural-organic. _
** Analysis can vary somewhat depending on formulation.

Adapted from Beard, 1982.

Economic damage threshold and action level criteria should determine the need for
pesticide use. Economic damage thresholds are set by the user, and are dependent
on the expected level of maintained quality. Action levels are set by the pest, but
only site specific experience and frequent monitoring allow the user to know when
action levels have been exceeded. The turf manager must decide how much pest
damage is acceptable on any given area for any given time, then act accordingly.
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Pesticide selection must consider how effective the pesticide is towards the

intended target versus threat to the environment or non-targets. In selecting a

| pesticide it is absolutely essential that the user select materials specifically labeled
for the use at hand. - Using pesticides in contradiction to label instructions is a

violation of law and should never be tolerated (see Appendix E).

It is essential that the user properly formulate the pesticide solution to be applied
specifically according to label directions. Most pesticide spills occur during the
mixing phase. Thus, it is important that the pesticide be formulated in an area that
can be contained and cleaned up in the event of a spill (see Section 8.2, Pesticide
Mixing discussion). Pesticide spills must not be allowed to escape into the open
environment. Pesticide spill containment is made easier by using spill response
kits. These kits or stations (larger versions) contain several items necessary for
containment .and clean-up of spills, including highly absorbent materials, gloves,
: coveralls boots and spill dxsposal bags.

All application devxces must be properly calibrated. Some modemn pestxclde
sprayers are equipped with flow control computers that regulate the amount of .
pesticide output relative to ground speed. This ensures that the correct amount of
material is being delivered regardless of variations in speed or changes in terrain.
The actual rate. of material applied must be dictated strictly by the label
- | instructions. The user must also ensure that the pestxcxde is applied only to the
| intended target area.” Consideration must be given to weather and local
environmental conditions. Spray boom .shrouds can help by preventing wind
related drift of spray. It should also be emphasized that anyone applying pesticides
should possess a pesticide applicators license, which entails a pointed educational
process. Precise records indicating how much of which material was applied are
required by the Washington State Dcpartment of Agriculture (Form AGR 4235).
Turfgrass management software is available to facilitate record keeping
procedures .

'Best Management Practices for pesticide apphcatnon include the following (Balogh
and Walker, 1992) ‘

e Appropriate training in the use of pesucxdes and in pestlcxde application
techniques. ,

o Proper maintenance and precise calibration of application equipment, to ensure
precise distribution at the intended rate. Pesticide rate use should be
determmed by label instructions. ‘ ' '

* Consideration of the timing of pesticide application relative to prec:pxtatnon
events or rainfall.

Golf Cowrse BMP Manval ‘ &4
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e Maintenance of a buffer between water bodies or non-target zones and
application zones, which increases the transport drstance and decreases the

potentxal for contamination.

o Selection of a pesticide must be based on education and experience.
Additionally, the user should consider efficacy of treatment and the criteria that.
reduce off-site movement and potential adverse impacts.

o -Pesticide contamers must be properly disposed. Tlus will: reduce the threat of
non-target exposure.

Turfgrass Fertmzers

Fertilizers are materials whrch carry or are partially composed of, essential
" nutrients such as nitrogen (N), potassium (K), and phosphorus (P). These are the
* 'major elements required by turfgrasses. They are essential for protein synthesis,
" cellular energy functions, and catalytic functions. Nitrogen is the element applied
in the greatest quantity. Fertilizers are also formulated to carry other nutrients
such as calcium (Ca), magnesium (Mg), -sulfur (S), boron (B), manganese (Mn),
and a host of others. These elements are not reqmred to the degree of the major
elements are, but they are essential. :

Many types of nitrogen carriers unhzmg several nitrogen sources are commercially -
“available. The basic nitrogen carriers in turfgrass management schemes are
morgamc ions such as nitrate and ammonium. - With these types of carriers
nitrogen is considered qmckly available due to solubility properties. - Other carriers
are synthetic organic molecules, such as urea and its associated "derivatives..
Nitrogen contained by these carriers is either quickly available or slowly available,
depending on the molecular formulation. A third category of carriers is natural '
" organic material such as protein waste or sewage sludge. - These kinds of carriers
provide nitrogen that is slowly available. Certain nutrient carriers can also be
coated or encapsulated to provide highly specific nutrient release characteristics.
Coatings tend to be either sulfur, or some form of synthetic resin or plastic. The
advantage in using coated carriers is in knowing the detailed specifics of nutnent
release rates. They are generally consrdered slow release carriers. '

Quick release sources of nitrogen, especially nitrates, are readily leached from the
soil depending on the intensity of rainfall or xrngatxon, and other cultural practices.
For that reason, slow release nitrogen carriers have received a great deal of
environmental attention. Using slow release or slowly soluble carriers helps to
prevent nitrogen losses due to leaching or volatilization. On the other hand, these
carriers can be subject to displacement and run-off in certain situations. An

" additional problem with using slow release carriers is the accumulation of residual

" nitrogen reserves. Slow release carriers generally cost more per unit nutnent than
quick release carriers. : .
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In general, lnghly maintained turfgrass areas such as greens, tees, and fairways
should receive . combinations of both -quickly available and slowly available
nitrogen. The current trend for- fine turf is to utilize slow release forms for
sustained, long term supply of nitrogen, supplementing the turf as needed with
quickly available carriers at very light rates. Using very light rates helps to prevent
| nitrogen losses due to leaching, provided irrigation events are appropriately timed.
In theory, the practice is aimed at providing only the amount. of nitrogea that can
be taken up by the plant at a given time. Light rates of application vary from 0.5
to 0.03 pounds of actual nitrogen per 1,000 square feet. Lesser maintained areas,
such as roughs, can usually get by on the slowly available forms. ‘A hngh quality
golf course cannot utilize only slow release forms of nitrogen.

: Local golf course research has shown ammonium sulfate to be superior to other
| organic nitrogen sources for -establishing bentgrass greens (Nus et.al, 1985).
Ammonium nitrate and ureaformaldehyde were worst. Surprisingly, IBDU-treated
| plots showed the greatest nitrate leaching. Ammonium sulfate treated plots had
the least leaching. This is contrary to prevailing assumptxons, and more data
should be gathered (Nus et.al, 1985). ' '

The actual amount of nitrogen needed for any given area depends on many factors
including the specific turf types present, the level of traffic or other stresses
imposed on the turf, the type of carrier utilized, the age of the turf, the specific soil
| type, the level of applied irrigation, climactic patterns, nutrient loading from -
irrigation, and the specific purpose for which the nitrogen is applied. Timing the
application depends on specific growth pattermns of the turf, and experience. When
applying any nutrient in any form, it is important that the application device be
- properly calibrated to deliver a precise amount or volume. ‘

Local feruluatxon research with lysimeters to determme leachate loss " has
' developed the followmg recommendations (Brauen, et. al, 1992):

¢ Use moderate rather than high feruhzer amounts;

e . Apply nitrogen at higher frequenctes in lower concentrations than has typically
been used; A A .

. Use peat-modxﬁed sand rooting matenal rather than pure sand under greens;
and, _ .

o Use a careful selection of combined slow-release and soluble nitrogen sources
during the cool wet season. :

Regarding nutrients other than nitrogen, the quantity applied and the timing of the
application should be dictated by both soil testing and plant tissue testing. The
testing involves analyzing soils and turfgrass clippings for nutrient content.
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Establishing baseline nutrient information for each specific area of mxfgriss is
‘critical. Soil and tissue sampling (during the growing season) for the first year or
two could be considered a reasonable start for establishing a baseline..

_Table 8-4. Outline of IPM Plan, Including Turfgrass Management and
Golf Course Operations Planning.

I) MANAGEMENT AREAS OF A GOLF COURSE
A) Management Defined o ’
1) Turfed Areas , S
- a) Green Surfaces o , " N
b) Collars : ' '
¢) Green Surrounds
d) Tees ‘
e) Tee Surrounds
f) Fairways
g) Roughs
h) Amenity Turf .
" i). Omamental Lawns
2) Non-turfed Areas
a) Bunkers
'b) Constructed Ponds or Lakes
c) Constructed Crecks.or Streams.
d) Constructed Wetlands
e)- Omamental Plantings-
3) . Natural Areas

II) TURFGRASS MAINTENANCE CONSIDERATIONS

A) Timing of Development

B) Appropriate Turfgrasses -

C) Cultural Practices

D) Needed Equipment.

E) Irrigation Source

F) Management Budget

G) Labor Considerations -

H) Intended User

I) Style and Design

J) Purpose and Goals

K) Quality Expectations
1) Dependence on Purpose and Goals
2) Relation to Other Considerations
3) Relationship to Planning

Golf Course BMP Manual . ' . 817
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| IHKEY MAINTENANCE PBRSONNBL AND RESPONSIBII..ITIES
A) Key Personnel ,
1) Golf Course Superintendent

a) Education

b) Communication

c) Experience .-

d) Goals '

e) Decisions

f) Attitude
2) Superintendent Responmblhtxes
3) Support Staff ,

a) Assistant Supenntendent

b) Mechanic

c) Irrigation Technician

d) Pesticide Applicator

e) Equipment Operators

t) Laborers :

VII) INTEGRATED PEST MANAGEMENT

A) Definition -

B) Philosophy

C) Goals

- D) Components

1) Area Definition
2) Information Gathering
3) Monitoring
4) Threshold Establishment
5) Action Level Establishment
6) Treatment Establishment
7) Decision Making
~ 8) Treatment Evaluation
9) Record keeping

IV)TURFGRASS PESTICIDES
A) Definition
B) Categories
C) Use guidelines .
D) Management Guidelines
E) Decisions
1) IPM
F) Selections
- 1) "Education
2) Experience
G) Formulation
1) Handling

Golf Course BMP Mamial . — . _ %13
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H) Application
1) Factors
2) Labels
I) Records
J) Fate
1) Factors
K) Storage .
L) Mixing Area

- IT) IRRIGATION RELATED CONCERNS

A) Imrigation source
1) Groundwater
2) Surface water
3) Wastewater
a) Effluent as a Source
B) Irrigation Water Quality
1) Nutrient Loading
2) Salts
3) Contaminants
C) Sustainable Yield
1) Use Rates
2) Need Determinations
3) Minimization Features
D) Irrigation System .
1) Computers
a) Scheduling -
b) Flow Management
2) Design .

V) TURFGRASS FERTILIZERS
- A) Carriers :
1) Nitrogen
a) Quick Release
b) Slow Release
c) Concerns
d) Rates ‘
¢) Application
B) Other Nutrients
1) Soil Tests
2) Tissue Tests
C) Fate Of Nitrogen
. D) Fertilizer Storage

Golf Course BMP Manual
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VIII) TURFGRASS MAINTENANCE FACILITY
A) General Aspects :
1) Sizing
B) Equipment Wash Bay
C) Equipment Storage
D) Fuel Depot
. E) Hazardous Waste
F) Solid Waste
1) Composting

Cﬁapter Eight
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Chapter Nihe

~ Water Quality and Management Chemical Selection

‘Summary of Best Management Practices

Use an Integrated Pest Management (IPM) to achleve effective control of applied

‘management chemicals and limit off-site chemical transport. When designing the IPM

program, it is important to determine the proper chemical to use, and to employ a
computerized irrigation control system. . v

Incorporate stormwater quality BMP facilities mto course deslgn These may include
infiltration, filtration, wet ponds, biofiltration swalw and arttﬁcnal/constructed _

wetlands.

Alternauve BMP facilities for surface runoff and water quality oon&ol that could be
used include: modified sand-peat filters; a combination. of wet ponds/sand filters;
granular activated charcoal systems (discussed but not recommended); regulated

stormwater control systems; and underdrain leachate collection systems.

: Employ simulation models or perfofm a literature review to estimate impacts if
- pesticide transport to surface or groundwater resources is. hkely

Ensure proper selection and use of pesticides as deterrmned through apphcatwn of
pesticide mobility and perslstencc models. ,

Prepare a -Water Quality Monitoring Prog'ram' that cxplicitly defines ’objectivcs,

establishes monitoring frequency based on estimated transport times, and includes
stations or methods for early warning detection. The Program should employ:

" & Staged monitoring.

A course management response scenario. v
Method for establishing baseline monitoring data.
- Sound statistical methods for analyzing results.
Criteria for returning to baseline monitoring or golf course maintenance followmg
a response event. :

* Remedial action criteria to respond to results.

It is important that the Program outline responsibilities (and funding) for implementing

~ the Monitoring Program and for interpretation of and response to the data. .
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9.0 Water Quality and Management Chemical
Selectlon

Historically, golf courses have used pesticides and fungicides extensively in the
management of tees, greens and fairways. The use of such chemicals, it is now
known, may present a threat to both surface and subsurface water quality, and to
aquatic resources and drinking water sources. This chapter discusses water quality
management and the uses of various chemicals in golf course management.

Criteria for evaluating pesticides for use are provided, as is- a method for.

estimating chemical mobility in the natural system. - Also provided in this chapter
are Best Management Practxces that can be followed to reduce the need for, and
impact of, chemical applications, addmonal considerations for special protection
areas, methods for analyzing the impact of chemical applications on the natural
system, and suggestions for establishing a monitoring program . to ensure
protection of environmental quality. Many of the issues raised in this Chapter are
closely aligned to Integrated Pest Management planning, discussed in detanl in
Chapter 8.

9.1 Best Management Practlces for Protectlon of Water :
Quallty

Golf course BMPs for protection of water quality can affect decisions related to |.

golf course siting, design, construction, pest management, course maintenance and
monitoring. The general goals of implementing BMPs include (Balogh and
Walker, 1992)

o Reducing offsite transport of sediment (Chapter 7) nutrients and pesncxdes

« Controlling the rate, method, and types of chemicals applied to the golf course;

. Reducmg total chemical loads by use of Integrated Pest Management (IPM),
economic thresholds, alternative pest control options, and fertility testmg
(Chapter 8);

« Using both biological and mechanical soil (Chapter 7) and water (Sectlon 5. 2)
conservation practices (SWCPs); and

o Educating managers and the public on the relationship of environmental i 1ssues
and systems management (Chaptcr 8).

Best M_anagement Practlces

Integrated Pest Management (IPM)

The Bio-Integral Resource Center (1991) defines IPM as " a decision-making
process which considers the whole ecosystem to determine the best methods for

controlling pests...The objective of an IPM program is to suppress the pest
~ population below the level that causes economic, aesthetic, or medical injury.
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- Chapter Nine

-

| Strategies are designed to require a minimum reliance on-pesticides.” See Section
8.3 for a description of BMPs employed during an Integrated Pest Management
program. "

From a surface and shallow groundwater quality control perspective, IPM
technologies are key to effective and logical control of applied management .
chemicals. Secondly, siting courses on soils with medium-texture, high organic

| matter content, high cation exchange capacity, and low erosion and runoff
potential will act to limit chemical transport off-site. The soil thickness should
provide a proper thickness to the high ground water table elevation or to the

' underlymg bedrock (see Chapter' 7). Chemical selection, as discussed in Section
9.3, is a third key element to protection of water quality. The fourth element is use
of a computerized irrigation control system (Section 5.3).

Stormwater Quality BMP Facilities

Storm water runoff may be generated from.a golf course and adjacent facilities
during heavy rainfall events (See Chapter 6 for a discussion of overland versus
interflow). Impervious golf course surfaces include: parking areas, roads,
rooftops, sidewalks, patios, cart paths or other impervious features (Klein, 1990). -
Loadings of various pollutants from developed areas can be high if unmitigated.
Developed areas may release 2 to 20 times more nutrients (into an aquatic
environment) than a forest or cropland (Klein, 1990) prior to water quality
treatment. - A major source of storm water pollutants are impervious surfaces
subject to motor vehicleuse. ' .

Surface runoff from impervious of pervious surfaces should be treated before
being released to surface or ground water resources. Proper runoff control and
water quality facilities need to be provided. These facilities should be designed to
‘meet County requirements and criteria, as. specified in the King County Surface
Water Design Manual (1990), and as recommended in Section 6.2.. .

Inﬁltratlon

Infiltration may be provided along a trench or within a basin. Spectﬁc infiltration
design criteria and requirements are listed in the King County Surface Water
Design Manual (1990) and Ecology’s Stormwater Management Manual for the
Puget Sound Basin (1992). Proper grain size, cation exchange potential and other
design characteristics are necessary for infiltration, as is consideration of
groundwater aquifers below the infiltration site. Ecology (1992) identifies
infiltration as the preferred stormwater management practice for effectively

treating runoff and controlling streambank erosion (Ecology 1992). Infiltration
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- sites should be approved by a qualified geologxst (see Section 7.4). The followmg ,
removal efficiencies were cited by Klein (1990): _

o metals - 100 percent,
« . nitrogen - 80 percent and
» phosphorus - 80 percent.

Filtration

Ecology (1992) recognizes three BMPs using filtration techmques 1) Sand
Filtration Basin, 2) Sand Filtration Trench and 3) an experimental Aquatard
System. Filtration is not considered as effective as infiltration BMP:s for pollutant
removal (Ecology 1992). Sand filtration trenches and basins pass runoff through a |
sand filter system onto an underdrain before discharge. A

Wet Ponds

Specific wet pond design criteria and requirements are listed in the King County
Surface Water Design Manual (1990). Wet ponds maintain a dead storage volume
of water that offers removal mechanisms for dissolved phosphorus and nitrogen by
settling of fine particles, nutrient uptake by algae and fringing vegetation,
denitrification, microbial degradation of organics, sequestering of phosphorus and
" metals in the sediments, and dilution of the first flush input water from any storm
. with the higher quality retained dead storage water. Wet ponds have been listed as
an approved Best Management Practice (BMP) in the Puget Sound Stormwater
Manual (Ecology, 1992a) for treatment of storm water. The followmg removal
eﬂiclencxes have been cited for wet ponds (Klein, 1990): _ .

. Heavy metals - 40-80 percent,
e Total phosphorus - 40-60 percent,
e Total nitrogen - 40-60 percent.

The King County Surface Water Management Division should be consulted for the
results of their sediment and decant disposal study. -

Biofiltration swales

Biofiltration swales function by physical filtration, settling of suspended particles
and absorbed contaminants, and a degree of uptake and sorption of nutrients and
metals by the vegetation itself.  Grass lined swales or channels can-be very
effective at removing sediments, particle-bound toxicants such as metals, and oil
and greases from surface runoff. Periodic maintenance is. requxred to remove the
sediment that builds up in the swale to avoid a delayed release of most or all of the
particles in a later runoff event. Grassy swales are effective at the removal of |
metals and total suspended solids (TSS) (Metro, 1982). The King County Surface
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Water Design Manual recommends -a 200-foot length swale with specific
controlled depths, flow rates, and design storm treatment capacity. Shorter swales
may be used if widened to result in equivalent hydrologic residence time. Grass
swale contaminant removal efficiencies are variable and a function of length, water
depth, veloclty and maintenance, but performance of similar facilities in the Puget
Sound region have been summarized by Ecology (1992a) as follows: ' -

83 percent reduction of influent total suspended sohds
67 percent reduction of lead,
. 46 percent reduction of copper, -
29 percent reduction of total phosphorus,
63 percent of total zinc and total aluminum,
30 percent of dissolved zinc, and
75 percent reduction in oil and grease/TPH.

It is recommended that swales be combined with roughs wherever possnblé, which
‘requires a commitment to avoid pesticide application on, or fernllzatxon of, those

roughs
o ArtrﬁclaI/Constmcted Wetlands

Artificial wetlands are recognized by Ecology (1992) as a BMP for runoﬁ‘ control.
The constructed wetland design incorporates shallow marsh areas as well as a
permanent pool providing treatment of both conventional pollutants and nutrients
(Ecology 1992). Artificial wetlands are designed to function similar to a natural
wetland system and- incorporate such design features as shallow water areas and
vegetation. Artificial wetland systems should be more efficient at microbial or
organic compounds than wet ponds, but are more expensive to design, plant and
‘maintain. Design criteria and requirements are speciﬁed by-Ecology (1992).

‘Swales, wet ponds and artificial wetlands are all consistent with golf course desngn
strategles for both play and aesthetncs ' o

Additional BMP Fac:llties for Surface Runoff and Water Quallty
Control

Modified Sand-Peat Ftlter

An’ earth-dike sand-peat filter system designed by John Galli (Metropohtan' .
Washington Council of Governments) is reported to be as effective as other
infiltration measures for contaminant removal (Klein, 1990). The system is laycred
and consxsts of (bottom to top):

o a6-inch bed of bank-run gravel (fitted with a perforated underdram pxpe),
e 824-inch layer of ﬁne-medmm sand,
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o a4-inch layer of 50:50 peat-sand mixture, and
o an 18 inch layer of peat. o

* Water is collected and discharged from the perforated pipe directly to the surface
water or groundwater system, and can be tied mto the overall stormwater
management/conveyance system.

Wet Ponds/Sand Filter Combination

. Klein (1990) recommends a wet pond/sand (or peat) filter combination when
"~ infiltration is inappropriate or not possible. Wet pond water would travel through
a filter system before discharge.. Specific wet pond design criteria and
requirements are listed in the King County Surface Water Design Manual. A wet
pond/sand filter system has been reported to provide effective removal of metals
(100%), nitrogen (80%) and phosphorus (80%) (Klem, 1990). :

: Tfeatment of Controlled Dramage from Greens wrth Granular Activated
Charcoal (GAC)

The tiling of greens and tees is a common practice for captunng the soil water

" percolating downward in the soil column, and provides sufficiént drainage from the

golf course greens. The percolating water may be high in nitrates and/or pesticides
from intensive management of the greens. Tiles may be used to capture and direct
runoff away from the green to a swale, filter, wet pond, artificial wetland, or-vault,
- for treatment before release. GAC systems have been considered as one additional
~ treatment method. GAC systems applied to golf courses have not proven their |
effectiveness and are costly to install and maintain. - At this time, their use is not
. recommended, and the followmg is provided for mformatlon only

Effectlveness ,
“Granular Activated Carbon is effective in the removal of synthetic organic

compounds and other pollutants that contribute to taste, color and turbndxty

- (Graese et al,, 1987 and DeWater and DiGiano, 1990). GAC is an

- effective removal media because of carbon's superior absorptive properties

- (Nakhla et al,, 1990). Activated carbon's extensive porous structure allows

molecules to readnly absorb to exposed surface areas (Pacific Northwest

- Weed Control Handbook, 1991). Maximum GAC adsorptive capacity is

achieved when the contaminant capacity of the adsorptive material is in

-equilibrium with the solution ‘surrounding the adsorbent element (Clark,
Symons, Ireland, 1986). Application to golf course drainage is unproven.

~ Design Criteria
If employed, the GAC system would require proper design for the golf
course areas the system would be serving. Specific GAC facility design
criteria include the following: Empty Bed Contact Time (EBCT), liquid

Golf Course BMP Manual . . , . 9-5
January 1993 ' :




Chapter Nin

loading rate, tank operation, number of filters, flow rate, backwash rate an °
carbon bed expansion (Malear and Farabee). The amount of GAC require
is based on the amount of residence or empty bed contact time required for *
proper treatment of the green-mﬁltrated water. Granular activated carbo
parameters include the following: sieve size, mean particle diamete:,
effective size, uniformity coefficient, iodine number, hardness number, total
surface area, density and pore volume (Melear and Farabee). The design o
the GAC treatment system and all criteria would be specified in the specific
Golf Course Management Plan. The system design, capacity and

. maintenance would address treatment of relevant chemicals proposed fo
use in the Integrated Pest Management Plan.

The U.S. EPA (1989) recommends GAC as the best avaxlable technology
(BAT) for treating many organic and synthetic organic chemical spnlls .
several of which are used for golf course management. :

Monitoning

If a GAC system is employed, monitoring for eﬁ‘ectxveness of the filte;

system should take place. Periodic monitoring would includé checking the

system flow rate and sampling for target chemicals. The monitoring should -

predict when a "breakttirough" in the GAC system occurs, tnggenng filter
~or GAC replacement ' _ ‘

) RegUIated Stormwater Contro! System

A regulated stormwater control system (developed by Ed McCarthy PhD, P. E
of GeoDimensions, Kirkland, Washington) uses an adjustable flow restricto:
mechanism that physically controls stormwater flow from detention facilities. The
system includes an adjustable flow restrictor mechanism, a sensor, @
microcontroller, microprocessor, algorithms and an actuator. The sensor monitors
environmental parameters and sends signals to the microcontroller. The system
-| provides-a constant discharge rate from the detention reservoir as the hydraulic
head on the flow restrictor decreases, thereby minimizing required facility storage .

- | volume and making better use of available storage volume. The system may allow -

an increase in the average detention time of first-flush and low volume stormwater.
allowing for an increase in quiescent settling conditions. The system provides ar
‘improved detention method to decrease the potenttal for-overflow from the °
stormwater detention reservoir, thereby minimizing the occurrence of higt
drscharge rates. This system has not yet been approved for use in King County.

Underdrain Leachate Collection System
| An underdrain system can be used in conjunction with a surface water quality

‘treatment facility, a GAC, sand or sand-peat filter system (Klein 1990), or ¢
smaller water quality treatment system, in the following circumstances:
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. under greens and possibly tees, :
e under fairways, greens and tees sited on course textured soﬂs or that do not

provide an adequate depth to the hlgh ground water table elevation or to
bedrock. '

9.2 Impact Analysis Using Simulation Models
Criteria for Use

A number of computer simulation models that describe flow and transport in
aquifers are applicable to estimating golf course chemical impacts. Many are
particularly well suited to modeling nitrate and phosphate. Models are only as
good as the input data, and in some situations, such as fractured bedrock, aquifer .
. flow can be very difficult (if not impossible) to simulate. In addition, supplying
~ models with data inputs can be very expensive (tens of thousands to over 100
thousand dollars). Consequently, consideration of whether a model is necessary,
- or whether available literature would suffice, is critical first step. :

It is recommended thzt any golf course sxtxng that cannot comply thh the flow
_ chart provisions in Figure 7-2, and that may use pesticides extensxvely or
. frequently, be a candidate for model simulation if existing literature is insufficient
to allow prediction of impact potential. It is likely that an impact will occur under
these situations unless other mitigation (such as linings) are implemented to
preclude groundwater impacts. (Modeling would not normally be required for
~ courses practicing only spot applications of chemicals, even if those chemicals are
judged highly mobile or persistent, because of their limited use.)

Site Specific Paramefei's in Model Selection

The choice of a model to simulate nitrate and phosphate transport at a golf course
location is influenced by physical, hydrological and chemical characteristics of a
specific site. In selecting a model, the following factors should be considered:

1) the soil type, texture and mineralogy,
'2) the slope of the land surface at the site,
3) presence, frequency and aperture size of fractures,
4) the water table configuration and seasonal vanabxhty,
'~ 5) proximity of the site to streams, lakes and wetlands,
6) fertilizer and chemical management types and ﬁ'equencxes and
7) site-specific environmental concerns.

- Process Considerations in Model Selection

The relative importance of hydrological processes consldered in the model is
dependent upon whether nitrate or phosphate is being modeled, as well as the site-
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| specific characteristics identified above. The folldwing factors should t
|| considered in choosing appropnate models

- |'1) method of analytxcal solution (dLrect iterative, ability to handle non-!meanty)
| 2) input data requirement (size and availability),

3) level of refinement and computer time required for solution,

4) level of expertise required to run the model, and

5) hardware and software requirements.

Categories of models acceptable to golf course managers are listed in Appendix D
Model Concems - |

“Pesticide movement in soils is well summarized in Balogh and Walker (1992).
Limitations in convective' transport models are thought to arise from tt
preferential movement of water through soil macropores, enabling pesticides t
bypass the soil matrix that convective models assume is attenuating the leaching
process.. Thus, in some cases, "equilibrium adsorption and dispersion/convectiv
| transport theory may underestimate transport. In addition, binding of pesticides t,
water-soluble organics such as fulvic and humic acids has been linked -to
subsurface movement of pesticides not normally associated with leachin
Alternatively, thatch in turf has been shown to be an efficient trap to downwaru
' movement of insecticides, which is underestimated by models. Only a growing
body of site-specific data will allow greater understandmg of the mass balance, fa!
and persistence of pesticides. _

9.3 Pesticide Mobility and Persistence

This section describes evaluation criteria for identifying‘rebommended chemica’

| for use in golf course management, methods for evaluating these characteristic.

| based on mobility and . persistence rankings, and an assessment of existing
chemicals in relation to these characteristics.

Pesticide Selection Cautions

It is important to note that while all the products listed in tables 9.4 and 9.5 are
approved for use in Washington State, their safety to humans cannot be ful*
guaranteed by their inclusion in this manual. A site specific assessment must st
be conducted and the following review is only included to highlight the types of
risk that may be associated with pesticide use. It should not be assumed that Kit
County has adopted a specific stance regarding any of the products listed «
towards the use of pesticides as a whole, other than to the extent indicated in th-
Best Management Practices contained in the rest of this manual.
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The United States Environmental Protection Agency (EPA) derives it's authority
over pesticides from the Federal Insecticide, Fungicide and Rodenticide Act
(FIFRA). A controversial report recently issued by Robert Abrams, Attorney
General of New York State notes (regarding the pesticide approval process under
_FIFRA) that "when the EPA permits a pesticide to be sold in the United States, the
Agency does not decide that the product poses no environmental or health
threats." The report goes on to say that FIFRA "requires the EPA only to decide
that the pesticide poses no unreasonable risk to public health or the environment,
based on its [perceived] economic, social and environmental costs and benefits.
Before the EPA may register a pestrcrde and allow it on the market, the agency
must first determine the risks are worth the benefits." Abrams goes on to suggest |
that “as more and more is learned-about the extent of these risks—including the
- groundwater threat—-this balancmg act may tilt in the opposxte drrectron, against
the use of certain pesticides." .

The EPA is currently r'eviewing the risk created by pesticide use. As of July 1991,
only one of the 34 pesticides most commonly used on turf and lawncare had
completed the required review (Abrams, 1991). "In the meantime thousands of
pesticides still under review are freely marketed—unless the EPA decides to restrict | .
or eliminate their use." As a consequence, in regard to. pesticide use,
"...Consumers do not know all the questions associated with pesticide use. Most
importantly, no one has all the answers — not the manufacturers, not the EPA_.."
(Abrams, 1991). This statement is reinforced to some degree by the fact that (as
of July 1991) the EPA had only reviewed approximately one third of the studies |
.submitted on the leaching characteristics of 16 pesticides known to contaminate | -
groundwater (Abrams, 1991).

Abrams' comments need to be considered in context. The New York State report
was written to consider the impact of pesticides used in golf course management
on Long Island, where pesticides pose special risks due to the reliance on
groundwater for drinking water and to the poor protection of the aquifers provxded
by the local soils (Abrams, 1991). Abrams also clearly states that thiere is no
reason to conclude that any water now supplied to Long Island exceeds safe

 drinking water guidelines for any pesthxde

The report does, however, seek to show the po_tential for damage to the
groundwater resource due to long term use of pesticides in sensitive areas. The
report concludes with a series of generic recommendations that aim to (a) reduce
the overall amount of pesticides used, (b) reduce the hazards associated with
pesticides and (c) seek to ensure the users and the public are fully appraised of any

risks to wh:ch they may be exposed

If implemented, the proposals contained in the report could significantly impact
current turf management practice. they reinforce the importance of stringently
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following the pesticide selection process and IPM guidelines contained in t
manual. The Abrams (1991) recommendations are listed below.

o The use of pesticides for aesthetic purposes (including golf courses) containi -
known or probable carcinogens should be prohiblted by the EPA or by fedevat,

law.

4

e Al labels should state in simple language that any pestxcxde use may pose.
'potentxal health and environmental risks."

- ‘e -Pesticide labels should state clearly that reglstratxon is not a guarantee that.
- p&stxcxde use is free of nsk. ' .

' Congress should amend the federal pesticide law to enable private individuale-
to sue and recover legal costs to halt false and deceptive pestxcxdc safe

claims.

) The Abrams (1991) report also .adopts the following recommendations (made
the U.S' General Accountmg Office (GAO) 1991 study on pesthdes -
groundwater): ‘ ’

o EPA should reqmre groundwater advisories on the labels of pcstmdw know.«
~ to cause widespread groundwater contammanon

e EPA should ban the use of pcstncndcs known to leach into groundwater
wherever groundwater is particularly vulnerable to pesticide contamination.

“The GAO report identified six pesticides capable of entering groundwater after
normal application following label directions. These were chlorothalonil, dacthe!

'| dicamba, 2,4-D, prometon and trifluralin. (Prometon and trifluralin are not used -
. | the Pacific Northwest; however, the six products listed above constituted 22.6% of.
| the pesticides used by the 52 golf courses in the Long Island survey. By 1988, tw-

of these products - chlorothalonil and dacthal (respectively the first and secor

‘| most heavily used products in the Long Island area) had been detected in Long -
Island groundwater at the highest levels anywhere in the country. This occurr
despite these products being classified as having a "small" leaching potential (on ..
scale of large, medium, small and very small), by the SCS/ARS/CES Pesticidc-
Properties Database produced by the U.S.D.A Soil Conservation Service in 1991 -

~(In 1989, after dacthal had been applied on Long Island and subsequentl
discovered in groundwater at levels 20 times above the state safe drinking wat
standards, the New York State Attorney General's Office sued the manufacturer vo
establish the extent of the contamination and to develop a water treatmen
program. The case was’ still in litigation at the time the Abrams report w
pnnted) :
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Chlorothalonil and trifluralin (and fosetyl-AL) have also been classified by EPA as
- possible or probable human carcinogens. In addition another three products listed
in Table 9.5 (trichlorofon, mancozeb, maneb) naturally break down in the
environment into various substances which are possible human carcinogens.

Some formulations of Dacthal also have been documented by the EPA as being
contaminated with traces of dioxin (2,3,7,8 TCDD) - a suspected human
'carcmogen that induces reduced vigor and mcreased mortality in rainbow trout at
levels as low as 38 parts per quadrillion. (Mehrie et al., 1987)

" Other dnoxm relatives (2,7 dichloro dlbenzo-podxoxm or DCDD) have been found
by EPA in US produced formulations of 2,4-D (USDA, 1988). Although this
contaminant occurred in.only 3 of 30 samples and is a million-fold less toxic than
its more notorious relative (2,3,7,8 TCDD), the presence of this chemical indicates
the potential risks presented by the possible presence of materials other than the
active ingredient. 2,4-D also may contain "minute traces” of 2,4 Dichlorophenol
(2,4-DCP) - a product whose effects on human health *has not been well studied”,
although it has been found to be a "weak tumor promoter” (USDA, 1988). These
risks, however small, occur in addition to those presented by the actual chemical
2,4-D, for which the World Health Organization (1984) conciuded. that, "the
carcinogenic potential of 2,4-D and its derivatives such as the amine salts and |

.. esters has not been adequately tested. The reports on animal bioassays carried out

so far are either too brief for proper evaluation or have been the subject of
scientific controversy."” (USDA, 1988). : _

The USDA, in the record of decision for the study cited above, concludes by
stating "with respect to 2,4-D, studies about its cancer causing potential have
. conflicting results - some show a positive correlation with cancer, others do not.
Although the studies completed to date do not support a conclusion that 2,4-D
causes cancer, the question remains unresolved." In reaching the decision to use
24-D asa last resort, the report also considered "the demonstrated potential for
adverse neurotoxic, reproductive and developmental effects” attnbuted to the

chemical (USDA, 1988).

The debate regarding 2,4-D has- continued and in October, 1992 the EPA
established an agreement with the task force representing the registrants of 2,4-D
that required the introduction of label changes "in order to ensure reduced
exposure to the product”. This also required the task force to carry out consumer
“education programs hlghhghtmg the reasons for the exposure reduction measures
and requiring the provision of a telephone hotline service. These measures were
taken as an alternative to the EPA beginning procedures leading to the suspension
- of their products for failure to meet deadlines for submitting certain health and

safety data to the Agency (EPA l_’ress‘ Release, 1992).
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These findings reinforce the need for an accurate and realistic assessment (-
pesticide health risks. In addition, the USDA and New York State reports bot
make clear that the active ingredients are not necessarily the only toxic ingredients ‘
in a pesticide, and are therefore often not the only factor to be considered whe
evaluating risks. So called "inert" components present in commercial products ai.
consndered conﬁdentnal business information® by EPA.

In an unusual step, the USDA mthlgated the inert components of the products ,
| used in applying the 16 pestxcldes proposed for use. They concluded that the
analyses conducted for the main constituents adequately summarized the risk «
the product - except for the petroleum distillate bases of 2,4 D and Tnclopyr

"which had a high priority for testing”. A study (cited in the USDA report), b-
- | Bingham et al., 1979, has shown a positive correlation - between polycycli
-| aromatic hydrocarbons and the formation of cancer in humans, (although this -
potential is 6000 times less than that of 2,4 D itself). The same study showe °
‘Atrazine, Diuron and Simazine to contain formaldehyde - a known strong irritar
and a carcinogen (USDA, 1988). - '

| EPA does not require chronic tcsting, of the full pesticide formulation (activ.

ingredient and "inert" carrier plus possible contaminants). As a consequence, none *
'| of the products used: by the USDA underwent chronic toxicity testing.  (Thi
would ‘include tests for carcinogenicity and for any systemic reproductM.,
developmental, or mutagenic effects). The report concluded that "the possibllltv
that the formulated product is more toxic than the active ingredient cannot b
discounted entirely. Neither can it be assumed to be true." This again reinforces
the need for opcrator care. .

The same report also tabulated the nsks from an accidental prolonged "worst case |

‘'scenario” exposure to each of the 16 pesticides proposed for use. The studv

| assumed that workers spilled one pint of chemical on themselves when not wearin

protective clothing, and that they did not wash the chemical off. The’ report ‘
concluded "this [would] represent a clear risk of severe toxic effects. There i-
some possibility that the damage done by such a large acute dose could rcsult in
long term damage to v1tal organs : ‘

Of the 16 pesticides in the Forest Service study amitrole, asulam, atrazin(,
bromacil and 2,4-D and 2,4-DP registered positive oncogenic responses, while
picloram had an unproven ‘but suspected oncogenic record. . Actui
'| epidemiological studies have produced uncertain results, wnth studies by th.
National Cancer Institute showing that farmers have an overall lower cancer death *
rate than the general population. They also, however, have a higher risk ¢
| developing lymphatic and blood related cancer, including leukemia, and cancer or
the prostate, skin and stomach (USDA, 1988).
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No single agricultural factor has been consistently associated with an increased rate:
~ of specific cancer but neither can the risk be ignored. While some studies have
shown no correlation between cancer and pesticide use, other studies have shown
a higher number of deaths in licensed pesticide applicators in Florida due to
leukemia and cancers of the brain and lung . The risk of lung cancer rose with the |
number of years licensed (USDA, 1988).

It is important to remember the findings quoted in thls section represent an
extremely limited review of the available literature and are limited to a discussion
- of human health risks rather than those created for other living organisms. The
findings quoted are only included in this report to exemplify and emphasize that the
use of pesticides may involve risk to the operator and the environment.  King
County is NOT adopting a negative stance to pesticide use, but IS advocating that
. all possible risks are clearly identified and understood. This means that all relevant
factors are fully considered and the potential for using alternative methods of pest
and disease control other than pesticides are carefully evaluated and defined. King
County is commiitted to both a risk assessment to evaluate potential adverse effects
and an alternatives assessment to assure that. a full range of viable optlons are
considered. The County also wishes to ensure good practices that maximize public
and operator safety and environmental health. A full review of information
. regarding potential health impacts of pesticides is beyond the purview of the
. manual, but detailed information can be obtained from the EPA. Those concerned

. with health risks can also obtain adv:ce and information from the U.S. EPA and the

- Washington Toxics Coalition, 4516 Umversnty Way NE, Seattle, WA 98105

. (phone 632 -1545).

Pesticide Evaldation Criteria

Several criteria have been advanced to evaluate the environmental hazard potential |
of chemicals used to control a variety of pest organisms (e. g. annual herbs and
‘grasses, fungi and: insects). These criteria divide into two main areas - the

~ chemical and physical nature of the pesticide and the biological impact of the

pesticide on specific organisms. Target specificity, target efficacy, cost, and
apphcanon amounts and methods are addmonal criteria the course mpcnntcndcnt
will use in final chemical selection.

Rglevént chemical and physical characteristics of pesticides include water
solubility, volatilization rates, adsorption and retention characteristics, and
decomposition and persistence rates. Collectively, these characteristics describe
the residence time of a chemical in the environment and the potential for
movement through the environment from the point of apphcauon.

The biological unpact charactensncs of a chemical can be defined by the results of
acute and chronic toxicity tests conducted on organisms of interest (¢.g. mammals,
birds, fish, and plants). Acute toxicity tests use the death of the test organism as
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the endpoint (typically 48-96 hour test periods). Acute toxicity test results a
reported as the LC50 for aquatic organisms (the median lethal concentration of tl'...
compound in water) or as the LDSO0 for terrestrial organisms (the median lethal '
dose per lulogra.m of organism weight). In contrast, chronic toxicity tests use th
reduction in growth (measured by weight) or reproduction as the test endpoint
(test periods typically lasting 7-20 days). Chronic bioassay results are frequentiv
reported as the NOEC (No Observed Effect Concentrauon) .

| These-criteria have found applxcatxon in two major golf course initiatives - the Ner-

' York State Adirondack Park Agency Study (Rottier et al. 1988) and the Cape Co
Study (Cohen 1990; Cohen et al. 1990; Horsley and Moser 1990). Both of these
large-scale research efforts used various combinations of pesticide persistence
movement (both surface and subsurface) and toxicity to create a usage ranking fo
golf course pesticides. Both involved pre-existing golf courses, where the water
table, surface and subsurface flow characteristics were already-known. The Cap.
Cod and New York approach has been modified in this manual to create a mor
generic model that could be used as one part of the chemical selection process for
golf courses in King County. _

| Chemical Mobility/Persistence Initial Screening Model

The basic approach of this initial screening pesticide model is centered on an
assessment of resource exposure. If the resources to be protected are never
exposed to the pesticide, then the toxicity of the pesticide is relatively unimportan

It should be noted that pesticides should never be applied outside of the course
boundaries, or in streams, wetlands, and lakes. In.this model, pesticide mobility
(represented quantitatively in the model as the organic carbon partition coefficient
Koc) and: persistence (half-life, t0.5) are used as first-order screens to estimate the
| degree of movement and longevity of the chemical in the environment (see Tabl-.

9-1 for specific categories). Persistence ratings were taken from Balogh et al

1 1990; Balogh and Walker 1992; Carselet al. 1984; Nash 1988; Rao arid Davidson,
1980; Wauchope et al. 1991. Partition coefficient numbers were taken fron

Balogh and Walker 1992; Carsel et al. 1984; Howard 1991; Jury et al. 1987,

Karickhoff 1981; Kenaga 1980; Kenaga and Goring 1980; McCall et al. 1981;

McCall et al. 1983; Rao and Davidson 1980; Wauchope et al. 1991; EPA 1988.

| Chemicals with limited water solubility and/or short half lives will rarely pose a
hazard to the environment when applied appropriately. Golf course topograplr
and water movement patterns will be an additional influence on the movement os
pesticides from the point of application towards adjacent natural resources. In
contrast, chemicals with high mobility and/or long persistence times may reac!
surface or ground water resources. Consequently, the use of these chemicals
should be strongly influenced by the intended application amount and methods
application locauon, season, toxicity ratings, presence of aquifers, and orgamsm
potentially at risk in the environment (see Table 9-2). Toxicity ratings in this
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model were taken from Murphy 1990, 1992; EPA 1985; USDA 1969; EPA 1988.
No toxicity ratings are presented for human operators because it is assumed that all
pesticides are applied with appropriate OSHA safety precautions. '

_Table 9-1. Chemical Mobility and Persistence Scales

Mobility Rating ‘ Koc*
o >5,000
1 1,000 - 5,000
2 . - <1,000
Persistenée Rating** | Half Life, t0.5 (days)
1 | 1-4
2 5-9
3 10-49
4 50-99
5 >100
* Organic carbon partition coefficient.

:‘A‘Modiﬁed from Balogh and Walker, 1992. -

~ Source: Beak, 1992.

In constructing the model, the chermcal mobility (as measured by organic carbon
partition ' coefficient) was assumed to have a greater influence on- estimated
chemical exposure than persistence. Chemicals with high Koc's will bind strongly |-
to soil components and move very little regardless of their persistence in the
environment. As the'"orgamc partition coefficient decreases, persistence plays an
increasingly unponant role in detemumng the level of pestxc:de exposure to the

. natural resource.

The choice of the organic carbon partmon coefficient to rcprcscm pcsncldc
mobility is substantiated by the lngh organic matter content of the turfgrass thatch
layer (Balogh and Walker 1992). * Several studies have demonstrated that the
adsorption .properties of most inorganic and organic pesticides are highly
correlated with soil organic matter content (Balogh and Walker 1991, p. 266).
Thus, movement of a pesticide will be indirectly related to the organic carbon
partition coefficient (Koc). Pesticides with high Koc values (greater than 5,000)
will be so strongly adsorbed that they functionally will never move (such as

Golf Course BMP Manual . 9.15
January 1993 ' .




‘y—goIqeL U] uc._encoz_é% jeajBojoiq pueAuoxol ‘2-6eiqel

mozooo_ pue mE_o;z:ao mo_aEaxm *SWLIOM ooEoEuom __wEw ‘epjjeuuy
~ ‘seoynbsow pue

pue seeq mo:omn mo_amem *Apoq 1eyn0 piey e YuM sejeiqeusAu) pejuswiBes ‘lewiS  ejoesuj)
“se|bee pjeq pue sie|61iNW pejqiew ‘s|MO peRods :

= sejdwexy ‘sBum pue e_os_w& yum sbBse Ag| coE; SejrIqeleA pepoo|q ULBM pag
‘S|@sSsSNW pue S18I1sA0 ‘sjieus , ,
— sejdwex3y °|ieys piey e Aq nomo_oco >=o_._; i >=m_tma ‘Apoq YOS B YIIM S8jRIQeUsAU| BISN||OW

‘sejoeuseq pue

sqes ‘sdwuyg - mo_amem *19JEeM U| BA}| >__8_a>~ Jeyl jjeys Jeino pley e yum spodoiyuy aoowﬁao
. slepueteles pue speo) ‘'sbolg — sejdwexg _ :
mac:.ao_c>ou§c_vcw m___m 5_; mm_o%ﬂmm._oﬁzossosc_monz_m:m:«ms.mmﬁno:g .wﬁEnE(

‘uowyeg ‘pesyjeels — sejdwexy ‘sejeds Ajjensn |
pue suy ‘Bujyiesiq 10} s|ib EocmE._oa a:ch pue Jejem U} BulAl sejesqeueAu) pepoojg plo) . . tysid|

‘suewiny ‘sjey — sejdwexy .
A mczamno h_os pes} oym sejesqelsA Asey Ajjensn ‘pepoojq ULepy  jetswely

SNOLLINIZ3AIVOID01018

‘L% °d ‘2661 ‘1NjeM pue ybojeq WOy PeWPON..

axo} Ajswespq 5> ~ ool AlUBIHKleA | K0 > S
omol KeA | 6v—S ool AuBIH | 660—-10 ¥
oo} Ajslelepop 66V—05 oIo] Ale1eiepopy 6661 €
ooy Apubis | 666v—00S ool ApuBlIS | 66'66—01 z
TOXOL-UONISOWY | e66v< OXOWON AlEoRoeId [, 00b < 1
sse|n Bybw — sse|) ‘ — q/w | Bupey
 osal | . | 0501 | sAwoxoy -




" Chapter Nine

glyphosate, amine salt with a Koc of 24,000). In contrast, dicamba salt has a Koc

of 2.2, and will move through the environment, for all practical purposes, at the

same rate as water. The specific rating categories chosen (see Table 9-1) are

_broadly conservative, with the highest mobility rating (2) including compounds

with extremely high and moderate mobilities. Compounds with the intermediate -
mobility rating (1) should have relatively limited movement, while those rated (0)

are, to all intents and purposes, non-mobile. Field data, when available for the

specific soil types and climate of a proposed course, should always be wexghted

more heavily than these broad rankings based on Koc.

Koc and half-life data were combined to produce a mobility/persistence (M/P)
rating (see Tables 9-1 through 9-3). Chemicals that are very short lived or
practically immobile were assigned a M/P rating of A while chemicals that are
highly persistent and highly mobile were assigned a M/P rating of D (see Table 9-
3). Based on the M/P rating, toxicity classes were then considered in
recommendmg the use of a pesticide. Chemicals with M/P ratings of A can be
recommended for broad use even with a relatively high toxicity class rating.
Chemicals with M/P ratings of D would be recommended for broad use only when
the toxicity class ratings are low (see Table 9-4) or application amounts are low.

Example of Pesticide Screening Sélection

The workings of the model can be examined by companng three fung;cndes
- etridiozole; benomyl and chlorothalonil. Etridiozole is only- slightly toxic to
mammals and amphxbxans It has immediate mobility with an intermediate life span
and therefore receives an M/P rating of low risk (see Tables 9-4 and 9-5)..
Benomyl, in contrast, has an M/P rating of D (intermediate mobility and' highly
persistent) and is hlghly toxlc to fish. Its widespread use would be strongly
discouraged except in courses were design features create very high transport
times to resources of concern. An intermediate example would be-chlorothalonil.
- This chemical received a M/P rating of caution in- the screening model.
Chlorothalonil has relatively intermediate toxicity to most organisms tested..
However, field data demonstrate that it has contaminated groundwater (Abrams, |
~ 1991), andtherefore, chlorothalonil should be avoided unless usage is extremely
minimal or limited, or the conclusions of the Abrams (1991) report are not
substantiated by site investigation. It is emphasized that field data and compound-
specific test. results should always be sought subsequent to initial screening.

Interfacing M/P Model with Transport Times

The recommendations of the chemical mobility/persistence model should be linked
with the specific transport times for a particular golf course and the likely or
intended application regimes, to create a site-specific pesticide usage plan. Thus,

chemicals with low M/P ratings (C or D) could still be used in courses where the
calculated transport times will limit the movement of chemicals from point of

Golf Course BMP Manual _ ' - 9-17
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: CHEMICAL MOBILITY AND PERSISTENCE

o i 3] -

1J]A] A| B

Persistence | 2| A| B | C|
3[A| B| C|
4 A| C| D
51 Al DI D

Mobility Categories |

0 = Practically Immobile
1 = Low mobility

2 = High Mobility -

Persistence Categories
1 = Very Short Lived
2 =ShortlLived
3 = Moderately Short Lived
‘4 = Moderately Persistent
5 = Highly Persistent

Combined Persistence and Mobility Categories

M/P Rating . = Zero Persistence or Zero Mobility .
M/P Rating = Low Persistence or Low Mobility
M/P Rating = High Persistence or High Mobility

M/P Rating [D] = High Persistence and High Mobility

Table 9—3: Combined chemical mobility and perSisience
ratings system.
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TY CLASSES

Table 9—4. Mobility, persistence and toxicity data for potential
turfgrass pesticides. Pesticides marked with a *** are commonly
used in Washington, ones marked with a '—' are seldom used.
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Chiorothalonil *

Etridiozole - -
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Fenarimol *

Fosetyl Al *

Iprodione *

Mancozeb *

Maneb

Metalaxyl *

PCNB *

|Propamocarb.HC!

Propicanozole *

' Thiophan’at‘e-memﬂ .

Thiram
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Triadimefon *

2,4-D butoxyethyl ester *

Atrazine

Benefin —

Bensulide —
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Endothall *

Ethofumasate *
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3
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Glyphosate acid

Glyphosate amine salt/Roundup *{ .

MCPA, ester *

MCPA, sait *
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: : : TOXICITY CLASSES ~
Table 9-4. Continued (o] '
- ' Al r|M
N ‘m| ul o ]
— o M pl s8] 1 n
Type Desngnanons 1 al | hj t} 1 :
‘ l- lunglcide, h t'oerbu:u.'lel i = insecticide DimiFlilalu|B| el
. . ] —— &l M| I Dfcls] ] ¢
N | . J M/P ] t| a|ls| i|]e|lc]|rcr
Pesticide Type] Mobility |PersistenceRatingl a| || h) al al a) d| Ly
Simazme h 2 - 4 D S| 3| 1] 2 3] 3
Triclopyr, triethylamine sait * h | 2 . -4 D 5 : 4]
| Triclopyr. butoxyethyl ester' h 1 - 4 C 5 .3 .
' Triﬂuraln ' . h 0 5 A 4 4] 3 3l
[Bendiocarb * i 2 2 C 4 3] g
Carbaryl * - A 2 -2 - C. 3| 4] 2| 4] -2
Chlorpyrifos * i 0 3 A 5 s| 4] | sl
Ethoprop i 2 4 D 5
{Fenamiphos i 2 3 _C 4| 4
Isazofos i 2 3 C | x| ' |
Isofenphos * i T2 5 D X
Trichlorfon * il 2 2 c 4
Mobility “Persistence Toxicity Classes 1

0.= Practically Immobile

1 = Very Short Lived . v'
5 = Highly Persistent

1 = practically nontoxic

5 = very highly toxic.__

. 2 = Highly Mobile

Toxicity Ratings are modified from Balogh and Walker, 1992, p. 447.



Table 9—5. General risk assessments based solely on the first screening chemical

mobility/persistence model. Application amounts and methods and product
specificity and efficacy must also be weighed in the selectson process.

The '** and '—’are the same as'in Table 9-4.
Pesticide F?ETScreemng
Pesticide Type Risk Assessment
.| Propicanozole * |_Fungicide Risk Very High
Propamocarb HCI - Fungicide = Risk Low
Iprodione. * Fungicide __Risk Low with Precautions
Fosetyl Al * Fungicide Risk Low with Precautions
‘| Metalaxyl * Fungicide ~._Risk Very High
Fenarimol * Fungicide Risk Very High -
Etridiozole ~ Fungicide ~___Risk Low
|PCNB * Fungicide __Risk Very Low.
Marieb (c) Fungicide ~ Caution '
Mancozeb * (c) Fungicide Caution
Chloroneb _Fungicide __Risk High
Thiram Fungicide Risk Very High
Thiophanate - methyl * Fungicide Risk Low
Triadimefon * . Fungicide Risk Very High
‘[Chlorothalonil * (a) ~_Fungicide® - Caution
Benomyl * .- Fungicide Risk Very High.
MCPA, salt * Herbicide Risk Low with Precautions
Triclopyr. butoxyethyl ester * Herbicide ___°Risk High
MCPA, ester * Herbicide Risk Low
Triclopyr, tnethylamnne salt * Herbicide Risk Very High
Simazine Herbicide Risk Very High
IMCPP (Mecoprop) * - Herbicide Risk High
Siduron Herbicide Risk High
Oxadiozon — ‘Herbicide Risk Very Low
Pendimethalin — Herbicide Risk Very Low
Glyphosate amine salt/Roundup * | Herbicide Risk Low
MSMA, sodium salt Herbicide Risk Very Low
2,4—-D butoxyethyl ester * (b) (d) Herbicide _ Caution
DSMA - Herbicide .Risk Low with Precautions
Dicamba * (b) Herbicide Caution
Atrazine Herbicide - Risk Low .
Benefin — Herbicide Risk Very Low
-]Bensulide — Herbicide Risk Low
DCPA - Herbicide Risk Very Low
Trifluralin - (a) (b) Herbicide Caution
|Endothall * Herbicide Risk Low with Precautions
Fenoxaprop Herbicide Risk High
Ethofumasate * Herbicide Risk High
Glyphosate acid Herbicide Risk Low.




" Table 9-5. Continued

(a) Llsted by uU.S. EPA as a possible carcinogen

(b) Maybe capable of entering ground water (after follownng label user guudelmes).

(c) May degrade into carcinogenic compounds.
- (d) May contain mtxture contaminants.

[Bendiocarb *__ — [ Insecticide | — Risk High _ -
| Trichiorfon * (a) _ A insecticide | __Caution
[Fenamiphos | Insecticide o _Risk High
Isazofos N 1 Insecticide . Risk Very High
|Carbaryl* - - | Insecticide ,_ —_Risk High
;[ Chiorpyrifos * | Insecticide RiskLow
|Ethoprop - - ._ Insecticide » - Risk Very High

' lsofenphos * } lnsecticide ' _Risk Very High
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application to adjacent resources. They could also be used when dry seasonal |’

application would preclude transport to these adjacent resources, or when the -
applied amounts are very low. Additionally, chemicals with high M/P ratings (A or
B) should be used with cautnon in course environments where transport times are -

high.

- 9.4 Addltlonal Criteria for Protectlon of Special Areas

Relating pesticide or femhzer use in a snte-spectﬁc manner to protectnon “of

-surrounding resources requires consideration of a number of factors. (Table 9-6).

Chief among those is recognition of the seasonality of pesticide or fertilizer
application. Pesticide applications for Northwest golf courses usually occur
between April and August or April and October on an as-needed basis. Becaiise
water movement is the mechanism. (transport. vector) .through which off-course
exposure of aquatic flora and fauna are exposed to golf course management
chemicals, the difference between wet season and dry season use has a dxrect
bearing on exposure potennal and selectxon of chemncals

As discussed in Chapter 7, the rate of transport in the mterﬂow (shallow
subsurface) water is not completely understood. Two theories with very different
linear velocity results have been developed to explain empirical data.
Distinguishing between these two theories -should be a research priority. The
results of both theories are shown in Table 9-6

Based on season, slope and the choice of mterﬂow conductmty model M/P
ratings for pesticide selection (as defined in Section 9.1) are provided for a fairway
immediately adjacent to a 100-foot wetland buffer in Table 9-4. There are no well-

" established data for quantitatively relatmg pesuclde transport- rates to water
~ interflow transport rates based on organic carbon partition coefficients. An

example of pesticides rated as having ’h:gh' (dicamba), ‘moderate’ (atrazine) or
low’ (chloropyrifos) transport potential is shown below. Some data for vertical
movement are provided below for these classes (Jury et al. 1987). Note that as a
conservative measure of horizontal transport, the M/P model in Section 9.1 assigns
a mobility rating of 2 (high to moderate mobility classification) to both atrazine

-(moderate) and dicamba (high), and a mobility rating of 1 (moderate to very low

mobility classification) to chloropyrifos.

'High Leaching Potentnal Condmon | ,
Time to Reach Organic Carbon
Pesticide }_Mﬂmp_nth.mjﬁ_&m - Partition Coefficient
Dicamba 06 . 122
Atrazine ' 4.2 160
Chloropyrifos 137 . 6,000
Golf Course BMP Manual | , 9-23
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Table 9-6. Relating M/P pesticide ratings to slopes and buffer widths. |
CRITICAL FACTORS IN ESTABLISHING ENVIRONMENTAL TRANSPORT

SEASONALITY DISTANCE
Length of time between storms ' Distance between course and downslope
- Season(s) of pesticide application resource
[@ SLOPES - [k M/P RATING and TOXICITY
Average slope of fauways, surroundmgs Results of pesticide selection approach
- & buffers . from Tables 9-1 through 9-5 _
 APPLICATION AMOUNT Consider the intended or likely amount of pesticid
: - be used. :
k- INTERFLOW CON DUCT’IVITY MODEL

“Macro-pore versus pre~cvent theories on interflow avcrage linear vclocms give very differe~
- interflow velocity rates through soil. Resolution as to which is the better model will require
research. The macro—pore theory (280 ft/day conductivity) is more conservative than the
- pre—event theory (28.0 ft/day conductivity). See Section 7 for detailed discussion.

APPLICATION EXAMPLES

l:]-] Fall/wmter/spnng condmons with storms >0.1 mcha/day cvery 1.7 to 2.2 days on av-
D Fanrway to edge of loo—foot wetland buffer, with S percent and 10 percent slopes.

 Average Interflow Water For High to Moderate Toxicities,
Slopc 'I‘ransport Distance per Day . Recommended M/P Ranking
Conductivity . Conductivity
|__280ft/day | 28 ft/day 280 ft/day- .| 28 ft/day
10% 140 feet 20 feet ARank Only A orBRank

5% 60 feet 10 feet o _AotBRank A,BorCRank

|- D | Su_h:mcftimc conditiqh’s with storms >0.1 inches/day cvery 4.5 days on avcragc.‘
~ Fairway to edge of 100—foot wetland buffer, with 5 percent and 10 percent slopes.

o Average Interflow Water - For High to Moderate Toxicities,
Slope = Transport Distance per Day Recommended M/P Rankmg___‘
- Conductivity : : “Conductivity .
280 ft/day | 28 ft/day 280ft/day . | 28 ft/day
10 % 56 feet 8 feet A Rank Only A, Bor CRank*
5% 24 feet 4 feet AorB Rank - A,;B or C Rank*

* D- ranked pesticides are not récommcnded in quanuty because of half~lives greater than
or longer than the summer dry season, and because of high mobilities. When the wet scasor
commences, this category of pesticides. would still have residual amounts available for transg-.

Avcraged scasonal interval between storms at SeaTac Airport, provided by Northwest Weathern
Interflow will continue at designated rates for approximately three days after a storm. Therefo
interflow rates were assumed constant during the fall through spring, but mtcrmlttant during thc s

&‘lln'w# Lot
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Chapter Ni

, Usmg the analysis sequence provxded in Table 9-6, which assumes as a v¢
conservative estimate that moderately mobile compounds will move laterally af.
to 10 percent the rate of interflow water, only A-ranked pesticides should be usec'
in any quantity at the edges of 100-foot buffers. This recommendation is based
transport potential only. - Subsequent to transport and the amount of pestxcx-.,
remaining at arrival, exposure and toxicity must be considered. If the toxicity i
low or the indirect targets of those pesticides are absent from the resource
concern,. their use will be not be problematic and B-ranked or even C-rankeu

| pesticides may be acceptable. .

(Note that as a conservative measure, this screening model combines both
dicamba with high transport potential and atrazine with moderate transpc~
potential into one mobility rating of "2". For all pesticides, specific transpc
potential data should be sought; particularly field data. Some compounds, such
as trifturalin, have high Koc's and-should be immobile, yet are mdzcated by t"
GAO (1991) as capable of entering groundwater.) A

In many cases, transport via interflow will ox_xly occur from the fairways to natw
- or created ‘swales, which may either bisect fairways or run parallel to their edge .
Natural drainage swales would likely have 25- foot buffers, and distance from
application sources of the pesticides to these channels would need to be consider
carefully in chemical management. Tees-or greens are the only application sites f_.
- many pesticides, and intervening fairways will act to retard pesticide transport. I
appears that 100- foot distances between application sites and resources having
| percent slopes or less are adequate if chemical selection is sensitive to transpc..
potential and the season of application, (particularly since in the absence o
_quantitative data the analysis is purposely conservative.) These 100-foot distanc
may include untreated fairway; roughs and any intervening open areas. Golf tu:r
appears to particularly well suited to prevent transport. of organic chemical
(Section 9.1) and on-site monitoring programs now being established for nc
courses should provide valuable data for reevaluating recommended management
chemicals based on distance from a receiving aquatic resource.

Best Managérhent Practices

«  Follow the chemical selection procedure outlined in Section 9.1 for broac
- used pestncldes

¢  Determine the relationship between chemical M/P ratings, season -
- application or use, distance and slope between the pesticide application are
- and the aquatic resource of concern, and the intended application amounts.
«  Following the procedure outlined in Table 9-6, calculate the fall/winter/spriug
average water interflow transport distance based on slope for pesticides to b
applied during those seasons, or the summer average water interfl

Golf Course BMP Manual _ . $-ac
January 1993 ' ' : .



Chapter Nine

-transport distance based on slope for pesncldes to be applied dunng the
summer season (40% of the wet seasons's rate). . ‘

'« Calculate pesticide transport as zero for mobxhty rankings of 0 (Table 9-1), §
percent of the water transport rate for mobility rankings of 1, and 10 percent
of the water transport rate for mobility rankings of 2. :

o  Calculate the number of days estimated for the pesticide to travel from the
application area to the aquatic resource, and select a persistence ranking from |

Table 9-1 with a half-life approximately one/half of the calculated transport | -

time (as dlscussed above).

| . Based on the mobnhty and persistence determined acceptable (as dxscussed |
above), determine the M/P rating from Table 9-3. .

o Select the appropriate pesticides from Table 9-4. If the M/P rating for a
particular necessary pesticide is lower than that determined acceptable above,
determine if low toxicity or spot application (i.e., very low application
amount) alleviates concern, or if a lack of acceptable alternatives necessitates
use. Detail those exceptxons Examine potential for upland wildlife or bird

spectes unpacts

¢  Monitor to determine actual transport rates' of applied chermcals and adjust
the ca]culatlon of pesticide lateral transport acoordmgly

«  Post notices whenever p_estlcxdes are apph¢¢ as required by state law. -

9.5 Water Quality Monitoring

Monitoring for pest populations to evaluate pest occurrences and establish action
thresholds (Ball and Marsan, 1991) as part of IPM has been discussed in Chapter
8. Biological momtormg for wildlife and aquatic biota has been discussed in
section 4.2. Because it is well documented that pesticide movement from golf |
courses can be difficult to predict, the results of pesticide usage as dictated by an
IPM strategy should be measured for each course to complete the feedback .
»mformatxon cycle to an effective IPM (see Figure 8-1).

To monitor for the.accuracy of the PRZM model's predictions for pesticide
transport on the Yarmouth Golf Course in Cape -Cod Massachusetts, a
groundwater monitoring program was developed to serve as an early warmng
protective device for the City of Yarmouth's drinking water aquifer (Horsley and
Moser 1990; Cohen et al. 1990). Because of the proxlmny of the course to the
aquifer and the sandy soils underlying the golf course, concern for aquifer quality
impact was extreme. Six to ten wells were proposed at the downgradient
boundary of the golf course and downgradient of the pesticide storage facility.

" Golf Course BMP Manual o 9-27
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Lysimeters and tensiometers were placed upgradient of the wells to serve as earlic
warning systems than the wells, and to enable better tailoring of the well samplin_,
regime. The monitoring protocol included resampling for confirmation of pesticide
presence, staged monitoring frequencies depending upon the results, restriction ¢
pesticide use during resampling and testing, criteria for remedial action anu
temporal criteria for resumption of base monitoring frequencies based on lack of
detectable pesuc:des for two years following detection. Fertilizer-based nitroge
was also monitored in the system with established criteria for increasing sampling
criteria if total nitrogen exceeded 5 mg/l and restriction of fertilizer use. Remediz'
action criteria were also established for nitrogen. -

The Yarmouth Golf Course monitoring plan is cﬁ'ectx\rc because it employs al’
basic monitoring principles. These are consolidated and expanded in the following
recommended procedures for establishing a golf course monitoring plan:

o Define the objectives of the monitoring program in writing. . Establish thc
- resource of concern, the transport route and vectors driving transport, and
develop a hypothesxzed connection between p&ctxcxde or femhzer use anc

unpact that the monitoring would need to indicate. - '

. Determme by model, literature review or simple calculation estimated transpon
* times for management chemicals to the resources of concern so that a
reasonable monitoring frequency can be established.

o Use the site's surface and subsurface flow characteristics to. establish early
warning and definitive impact stations between the site of application or use
and the resource being protected, and to avoid placement of stations where.
they will be ineffective (i.e. not downgradient or below an impervious layer).
Be sure that the type of station matches the monitoring frequency and method
(i.e., stream, wetland, pond, aquifer and interflow monitoring frequencies will
all be different based on differential transport rates and dlﬁ‘erences in response -
to runoff events).

o Use staged momtormg Establish criteria for either increasing the frequency of
sampling or increasing the number of sampling stations based on results.
Establish  verification/confirmation  procedures. Ensure a quality
assurance/quality control program is in place consisting of blind field duplicates
and laboratory splits, sample tracking and sampling, storage and transport and
analysis accordmg to established protocols. '

o Link cntcna for pesticide or femhzer detection or concentrations to a course
management response such as reduction or elimination in use. Define the
criteria based on thresholds of concem for toxicity (generally State Water
Quality Standards for surface or ground waters) or on analytical detection
limits for pesticides thought to be immobile. _

" Golf Course BMP Manual - - ' 9-28
January 1993 '



Chapter Nine

o Establish baseline data for all monitoring locations to determine. the ptesencé
or concentrations of any parameters of interest. Include basic parameters such
-as alkalinity and pH which can affect chemical transport.

- o Establish the statistical methods for evaluating the data obtained and to

determine the number of sample replicates or stations necessary to prove or

~ disprove the hypotheses of transport established in (1). Focus on ‘worst case'
areas within the course layout based on proximity, soils, slopes or conductivity
such that transport will be maximal. All other cases will be less in impact.
Screen all types of Stormwater quality facilities to test efficacy.

o Establish criteria for rcturmng to baseline momtonng or golf course
mamtumnce followmg a ‘response event'. :

o Establish criteria for remedial action to provide for worst-case results.
« Establish criteria for cessation of monitoring.

e Develop planin consultanon with King County and maximize value of baseline
.and post-development monitoring commitments through the master drainage |
plan or envxronmental impact statcment process.

. Establish funding (gencrally through bonding with the County) and
responsibilities - for implementation of the plan and most partxculady for
ma'pretatxon of and response to the data. : .

'*9 6 Future Research Needs

Data generated from monitoring of golf courses . should be compiled and |

- summarized. This exercise would provide a data base for establishing the efficacy

of mitigation measures to sequester or contain pesticides and fertilizers. It would |
also help quantify course loadings to off-site resources given typical management
chemical apphcanons for the Northwest climate. Such a database would allow
more precise definition of necessary mitigation measures and minimum
requirements for mitigating facilities. It would also suggest necessary approaches
or changes in management stmtcgles ~ The monitoring plan approach
recommended in Section 9.5 is intended to provide the needed data over time.
These data should be made generally available for analysis.

_Golf Course-Specnf' ic Stormwater Quality Facilltiu
_Whnle a number of convent:onal (swales, wet ponds and artificial wetlands) and

some nonconventional (peat/sand filters, controlled "depth to till" to maintain
interflow and combination rough/swales or rough/filter strips) water quality
facilities have been discussed in Chapter 9, there has been no attempt to prioritize
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them beyond indicating the emphasis in the King County Surface Water Desi
Manual. To a large extent, movement of golf course management chemicals away
from fairways, tees and greens via surface or subsurface movement of stormwate
or irrigation water is better managed by source control than interceptic
Integrated Pest Management plan implementation and the overall golf course.
management plan are two methods whereby source control is implemented. Giv~
that management chemicals will be used, selections of those chemicals (as per t.
considerations discussed for the IPM plan) becomes the second priority for off
course transport control. Stormwater facilities are the third tier and should !
designed for maximum prevention of chemical transport.

Quantntanve companson of stormwater facxlrty alternatives for golf courses in t|
Pacific Northwest is in its infancy. This is due primarily to the lack of field da._..
collected under Pacific Northwest geologic and climactic conditions for potentia’
management chemicals. While nitrate transport from fertilizers can be simulat
-well with existing models, the generation of nitrate from slow-release fertilize.»
and rates of loss from the root zone to deeper saturated or unsaturated soils is not
well verified. Data are virtually lacking for management pesticides, as are verific.

modeling tools for their analysxs For example, for most management pesticides in
the Pacific Northwest, it is unknown whether maintenance of interflow all the wav
| to a wetland boundary is the best chemical transport prevention technique, «
‘| whether interflow should only be maintained to the fairway edge and then
intercepted into a swale leading to more conventional surface water facilities suck
as wet ponds or artificial wetlands. Similarly, it is unclear whether a peat/sar
filter for undertile drainage from greens is more effective for fungicide removal
than a french drain release to mid-fairway and subsequent interflow transport o®
the course (in areas where till depth is shallow).

Courses being built today are under increased scrutiny and will geaerally be bui™
with conditions for post-construction, surface and . subsurface water qualii_

| monitoring. These data should be used not only as a feedback to direct source
| control forthecoursemanagcmcnt,butalsoasadatabasetovmfyunnﬂanc

| mode! tools for predicting the effectiveness of water quality treatment facilitie..
‘| The simulation model tools themselves need to be developed for conditions
‘particular to the Pacific Northwest, particular to individual portions of each cour:
and particular to the management chemicals being proposed, to enable moi
rational selection of the best stormwater treatment system. Critical to much of this
analysis will be determination of the correct interflow driving mechanisi
(macropore theory or pre-event theory) as discussed in section 7.5. Course- ana
chemical compound-specific data, and region-specific simulation predictive toole
will accrue as golf course management plans and post-development modeling dat
accumulate in King County. They should be summarized and used to prioritize
approaches for stormwater (surface and subsurface) management in the future. -
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